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ProFessor Sir DOUGLAS MACLAGAN, President, 
in the Chair. 


Chairman’s Opening Address, 
(Read December 1, 1890.) 


My duty this evening is to give the usual Introductory Address 
at the opening of a new Session, this which commences this evening 


being the Society’s 108th. 

Before doing so, however, I must try to disburden myself of a 
weight which has hung heavy upon me for the last few days, and 
consists in the difficulty, which I find to be insuperable, how to 


select adequate terms in which to express my sense of the honour 


- which you have conferred upon me, in placing me in the position of 
your President. In my wildest dreams it never occurred to me 
that such an event was possible, till a short while ago when certain 
members of the Council hinted to me that such a step was in 
contemplation ; and I can assure you that it was not without con- 
siderable hesitation that I acceded to the request that I should 
allow myself to be put in nomination. You will, I trust, believe 
me, when I say that this hesitation in no way arose from any want 
of appreciation on my part of the greatness of the honour to be 
conferred on me. It was exactly the contrary. What I felt, and 
do feel, is not for myself, but for the Royal Society. I knew that 
my life has been little else than that of a practitioner and teacher of 
medicine. However constantly I have watched with interest the 


progress of Science in its various departments, my studies and any 


little work which I have done have been chiefly with the object of 
keeping myself aw courant du jour for the purpose of teaching ; and 
as regards her real work I have been to Science, in Horatian phrase, 


cultor parcus et infrequens. I feared, therefore, that the Royal 


Society might suffer in its prestige by its appearing to the outer 
world as if it had no man of scientific repute to fill its Chair. I know, 
of course, that this is not the case, that there are men among you 
who by their published works have made for themselves a reputa- 
tion that would have truly justified their elevation to the President- 
ship. It did not escape the notice of the Council, and it must 
have occurred to all of you, that the man who stood out as the 
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worthiest successor to Sir William Thomson was our indefatigable 


General Secretary. 
But Professor Tait, with that appetite for work which does not 
know the meaning of satiety, thought that he could be of more use 


to the Society in his present office than in the more dignified 
- position of your President, and thus he sacrificed that distinction, 


which might be a legitimate object of ambition to any man, for the 
general good of us all. The Fellows of the Society will not fail 


- to appreciate this act of self-sacrifice on his part; and will not for 
a moment fancy that I have less sense of the honour I now enjoy, 


because Professor Tait had not seen fit to accept of it. 

Our learned Vice-President, Lord M‘Laren, who in July last 
occupied this Chair at the closing meeting of the preceding Session, 
adverted to the loss the Society had sustained since the commence- 
ment of the Session, by the removal by death of ten of its Ordinary, 


| and one of its Honorary, Fellows ; and he mentioned in the case of 
several of them a few of the incidents in their respective careers by 


which they had made themselves honourably known. Since that 


address was delivered eight more of our Ordinary Fellows have — 
died, and I wish to be allowed now ar to say a few wor ds 


regarding each of them, 

Dr Jamzs Srark, who joined the Royal Society in 1850, was born 
in Edinburgh in 1811. He was the son of Mr John Stark, Printer, 
also a Fellow, and a zealous cultivator of Natural History. James 


Stark studied for the medical profession at the University of 


Edinburgh, and took the degree of M.D. in 1833. His Thesis on 


that occasion was on the way in which the colours of substances 


affected the absorption by them of odours to which they were exposed. 


His experiments led him to the conclusion that odours were most: 


readily absorbed by dark surfaces ; and he conjectured that perhaps 
contagious emanations followed a similar law, which led him to the 
somewhat wide induction that the established dress of the physician, 
the “ customary suits of solemn black,” were the worst omipeed for 
his profession. 

Dr James Stark is most to be remembered as a pioneer in Scot- 
land in the cultivation of that important and fundamental branch 


of Sanitary Science, Vital Statistics. In 1854, shortly after the 


office of the Registrar-General for Scotland was established, he 
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was appointed to be Superintendent of Statistics; and, in fact, he 


organised that valuable department of the public service. He 


wrote much upon the subject of Vital Statistics. 

In 1846 he gave an interesting report on the mortality of Edin- 
burgh and Leith; and in 1847 published an inquiry into the 
sanitary state of Edinburgh, and the rate of its mortality since 
1780 ; and in 1851 he published his Vital Statistics of Scotland. 
He was also a contributor to the Transactions of the Royal Socvrety. 
No doubt his writings are now very much superseded by the subse- 
quent works of such authors as Farre, Simon, Newsholme, and many 
others, but it behooves us not to forget one who led the way in our 


country, when Sanitary Science had not attained its present develop- 


ment and its strong interest for the public mind. 
Ecclesiastically he was a warm and thorough adherent of the late 
Rev. Dr Robert Lee, and was an elder in Old Greyfriars Church. | 
From long-continued and depressing bad health Dr Stark retired 
from official duty in 1873. He thereafter lived quite in retirement, 
and died at Nairn on 2nd July 1890. 


The Rev. James Grant, D.D.,, died at Edinburgh on 28th July 


last, in the ninety-first year of hisagy 7 r Grant was long a notable 
personality in Edinburgh. He was .v.1 of the manse, having been 
born in January 1800 at Portmoak in Kinross-shire, of which parish 


his father was minister. The elder Dr Grant was afterwards one of _ 
the clergy of St Andrew’s Church, Edinburgh, and was Moderator — 


of the General Assembly in 1809. James Grant received his earlier 


education in the school of his native parish. He was afterwards a 


_ pupil of the High School of Edinburgh, subsequently went to the 
University, and having passed through the Arts curriculum entered 


the Divinity Hall, and in due time was licensed. He was, in those — 


days of patronage, appointed in 1824 to the first charge of South 
Leith, he being then only twenty-four years of age. In this charge 


he remained till 1843, when he was appointed to the parish of St 


Mary’s in Edinburgh, and there he remained till he resigned in 1871. 
He was perhaps hardly what could be called a popular preacher in 
the usual acceptation of that expression, but his services were always 
listened to with much acceptance, because his sermons, like every- 
thing which he wrote or spoke, were characterised by great elegance 
of diction and clearness of utterance. No man in Edinburgh could 
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excel, and few equal, Dr Grant in the often troublesome task of 
proposing or replying to a toast, and consequently he was often 
called on to perform such duties. A notable instance of this lives 
in the memory of the present writer. It was on the occasion of a 
dinner to Professor Syme, when, in the unexpected absence of some- 
one who had undertaken the duty, Dr Grant was abruptly called on 
to propose the toast of the Royal Infirmary, which he did in such 
appropriate and elegant terms that his was decidedly voted to be 
the speech of the evening, 

Besides being an earnest parish minister, and a zealous promoter 
of education and of all measures for improving the condition of the 
poor, Dr Grant took a prominent part, and had great influence, in 
the Councils of the Church of Scotland. Though always ready to 
co-operate in matters of philanthropy with the brethren of other 
denominations, his strong ecclesiastical conservatism led him to 
become a powerful opponent of those of whose Church politics he - 
did not approve. In the stormy predisruption times, which culmin- 
ated in the great secession of 1843, Dr Grant was generally to be 
found in the front of the battle. He sympathised with the Presby- 
tery of Strathbogie, who set at defiance the injunctions of the General 
Assembly, and was along with others put under discipline ; but the 
chief result of this was his receiving an address from the Town 
Council of Leith, which was signed by many, it is said by thousands, 
of members of the Church of Scotland, approving of his action. 
That he retained the esteem of the Church was evidenced in 1854 
when he received, as his father had in 1809, the highest ecclesiastical 
distinction which could be conferred on him, in his elevation to the 
Moderatorship of the General Assembly. | 

Dr Grant received the degree of D.D. from the Duele of 

Glasgow, and in the year of his Moderatorship Oxford bestowed on 
him the distinction of D.C.L. 

Dr Grant became a Fellow of the Royal Society in 1851. He 
is to be reckoned as having belonged to the class of literary Fellows, 
but he was for long a regular attender at the meetings when scien- 
tific subjects were’ under discussion ; and when from his advanced 
age it became unsuitable for him to go out in the evening, he even 

during his last year made his appearance at the Extraordinary 
Meetings which took place in the afternoon. 
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Dr Grant held numerous appointments of a clerical nature. He © 
was a member of the Ecclesiastical Commission of Edinburgh, and 
was its Chairman up to about six months before his death. He 
was in 1841 appointed Chaplain to the Highland Society, and 
retained that office to the last. He was an Honorary Member of 
the Harveian Society of Edinburgh, and was its Chaplain for fifty- 


five years, having been appointed in 1844, In 1888, at the 106th 


Festival, the Society revived the title of Pontifex, Maximus, which 
had been in abeyance since the time of Dr Grant’s predecessor the 
Rev. Dr Moodie, and conferred it on its venerable Chaplain, who 
had but rarely missed a meeting during his long incumbency. Dr 
Grant was a genial man, though with a dry manner, and was much 
respected and esteemed by all who knew him. © 

By the death of Dr James Matrnews Duncay, British Medicine, 
especially in the departments of Obstetrics and Gynecology, lost 
one of its foremost men, and a blank has been left in the ranks of 
the profession which will not easily be filled up. 

Dr Matthews Duncan was born in Aberdeen in 1826, and in that 
city he received his early as well as his academic education. He 


graduated there as M.A. in 1843, and in 1846 he took the degree of 


M.D. He subsequently studied Medicine in Edinburgh, bestowing 
special attention on the subject of Midwifery ; and thereafter he 
went to Paris in pursuit of further knowledge in his own special 


- department. He was for some time a private assistant to Sir 


James Young Simpson, but unhappily a quarrel arose between these 
two distinguished men, which led to their alienation. Duncan there- 
after settled in practice in Edinburgh, becoming a Fellow of the 
Royal College of Physicians in 1851, and two years afterwards he 


_ commenced to deliver lectures on Midwifery and the Diseases of 


Women and Children, which, although at first kept in the shade by | 
the renown and name of Simpson, soon began to show enough of 
brilliancy to attract an earnest though not large class of students. 
His reputation among his professional brethren, and subsequently 
with the public, led to his acquiring a large and important practice ; 
and on the illness and subsequent death of Simpson, he unques- 
tionably stood at the head of the Obstetric Physicians of Edin- 
burgh. This naturally led, when Simpson died, to the general 
belief that he would succeed him in his chair; but the fact of 
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his having quarrelled with Simpson had a heavy, and in many 
respects unjust, effect on his prospects, and he was not appointed. 
His failure, however, had no discouraging effect upon him, and he 
went on bravely and with ever-increasing success with his practice 
and his teaching. . 

_ In 1877 he was offered and accepted the appointment of Teacher 
of Midwifery in, and Obstetric Physician to, St Bartholomew’s 
Hospital, and he accordingly removed to London, to the widespread, 
we may say universal, regret of his brethren not only in Edinburgh 
but throughout Scotland. The reputation which led to his call to 
London was founded, and that justly, on the number, practical 
value, and, above all, the scientific character of his writings. 
Numerous honours were bestowed upon him. He became a Fellow 
of the Royal College of Physicians of London ; a Fellow of the Royal 
Societies of London and Edinburgh; LL.D. of Edinburgh and 
Cambridge; and an Honorary M.D. of the University of Dublin. 
In London he soon acquired a very large practice, having gained 
the confidence and esteem of the profession and the public in the 
English, as he had done in the Scottish, metropolis. _ 

- Duncan’s writings were numerous and important, and all partook 
of that scientific character which was apparent in all that he did, 
both as an author and practitioner. Many of them were purely 
practical, and chiefly concern those who are engaged in the same 
line of practice. Beyond this large circle he is best known by his 


Treatises on Fecundity, Fertility, and Sterility, which have an 


interest not only to the practitioner but to the statistician and 
political economist. | 
What was the source of Matthews Duncan’s marked professional 
success? It was the genuineness of his character, personal and 
professional, Assuredly it was from no blandishments in his 


bearing or demeanour, for though a perfect gentleman in the 


truest sense of the word, he was, as the Countess of Rousillon 
says in “ All’s well that ends well,” ‘an unseason’d courtier.” 
There was a certain dryness and abruptness in his manner which 
at first repelled some people, but a short knowledge of him, whether 
as patient or casual acquaintance, showed that under this somewhat | 
dry shell there was a soft kernel of kindness and true courtesy 
which made him trusted, relied on, and beloved. It was all founded 
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on his genuine sterling worth, so that he fully merited the encomium 
of the aforesaid Countess :—‘ His skill was almost as great as his 
honesty, and had it stretched so far, would have made Nature 
immortal, and death should have play for lack of work.” 

-Duncan had a naturally robust constitution, but it was observed 
by his friends for some months before his death that his health 
was seriously impaired, and a general feeling was entertained that 
his unwearied devotion to work was at the root of this. He 
abandoned teaching and professional duty, and went for a short 
and thorough rest to Belgium, and subsequently to Baden-Baden, 
where he had a severe attack of angina pectoris, from which how- 
ever he rallied, and had made arrangements for his return home 
when he died suddenly on 1st September last. He left behind him 
his amiable lady, and:a family of five sons and four daughters. 

James Matthews Duncan will long be remembered by his pro- 
fessional brethren, and those who benefited by his skill, as a true- 
hearted friend and adviser, an unobtrusively pious Christian, and a 
genuine sample of that honest man who is the noblest work of God. — 

Davin Mitye Home of Milne-Graden was born in 1805. His — 
father was Admiral Sir David Milne, his brother being Admiral of 
the Fleet Sir Alexander Milne. He assumed the surname of Home 
on his marriage in 1832 with Miss Home of Paxton, in Berwickshire. _ 
He devoted himself to the study of Law, entered the Faculty of 
Advocates in 1826, and at the time of his death was the second 
oldest member of that learned body. In 1844 he was Senior 
Advocate-Depute, but did not continue to practise at the bar after he 
succeeded to the family estates. He betook himself to country life, 
but did not confine himself to the management and enjoyment of | 
his property, but devoted himself to Science, for which he had > 
manifested a strong inclination from his boyhood, He became a 
Fellow of the Royal Society of Edinburgh in 1828, and was for a 
long time a Vice-President and active member of the Council. He 
was Vice-President of the Royal Scottish Geographical Society, the 
Meteorological Society of Scotland, and the Geological Society of 
Scotland, of which he was elected President in 1874. This office 
he held at the period of his death. In 1870 the University of 
Edinburgh, in consideration of his scientific attainments, conferred 
on him the degree of LL.D. oe 
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His favourite departments of Science were Meteorology and more 
especially Geology, for although his first published paper was an 
essay on Comets, it is by his geological writings that he is best 
known. Our Transactions bear abundant evidence of his activity 
and industry as a geologist. In the 14th volume is to be found a 
series of papers “On the Mid-Lothian and East Lothian Coalfields,” 
which attracted much attention at the time; and in that same 
volume there are two other papers, one on the “ Depletion or Drying- 
up of the Rivers Teviot, Nith, and Clyde,” the other on “Two Storms 
which Swept over the British Islands,” both of which events occurred 


in November 1838, In the 15th volume of our Z’ransactions appeared . 
an account of the “ Geology of Roxburghshire ;” and in the 16th 


volume a paper “ On the Parallel Roads of Lochaber,” which is doubly 
interesting as being of a controversial nature, his antagonist being 
so redoubvable a scientific warrior as Charles Darwin, who, however, 


with the courtesy of a true knight, subsequently acknowledged him- — 


self to have been worsted in the encounter. : | | 

To the 25th volume of the Transactions, published in 1869, Milne 
Home contributed a paper “On the Origin of the Boulder Clay.” 
This subject had always a special interest for him, and a goodly 
boulder anywhere excited in him an enthusiasm which neither 
advanced age nor failing health could check. He was appointed by 
the Society Convener of the Boulder Committee which was estab- 
lished in 1871; and under his supervision the Committee published 


ten valuable Reports, which are contained in the Society’s Proceed- 


ings. These are only part of Mr Milne Home’s contributions to 

Science. He was the author of many other papers both within and 

- without the domain of Geology, and of two books, one on the 
“Estuary of the Firth of Forth and Adjoining Districts viewed 
Geologically,” and the other on “ Ancient Water-lines.” 


Mr Milne Home had within the last two years a severe and pro- : 


tracted illness, which carried him off on the 19th September 1890. 
He leaves us an admirable example of what may be done for Science 
by a country gentleman possessed of means and leisure, but animated 
by the laudable ambition to extend the knowledge of his fellow- 
men. 

The Hon. Lord Lee (Rosert Lee) was born in 1830, and was a 
son of the Rev. John Lee, D.D., Principal of the University of 
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Edinburgh. He devoted himself to the study of Law, and bx&ame 
a Member of the Faculty of Advocates in 1853. He had a fair, but 
not what is regarded as a large, practice at the Bar; but he was 
noted for his earnest devotion to his duties both as Barrister and 
subsequently as a Judge. He was made an Advocate-Depute in 
1867, and held that office till he was appointed Sheriff of Stirling 
and Dumbarton in 1875, from which he was transferred to the 
more important Sheriffship of Perthshire. He was for many years 
Procurator of the Church of Scotland, and performed the duties of 
that legal office with much earnestness and general acceptance. He 
was raised to the Bench in 1880. He formed his opinions slowly, 
deliberately, and conscientiously, and was very tenacious of them 
when once formed, his firmness in this respect being by some 
cynical people called obstinacy. His leading characteristics were his 
earnestness of purpose, and his unwearied patience. He became a 


- Fellow of the Royal Society in 1872, but did not take any special 


part in its proceedings. In private life he was much esteemed, and 
had a considerable fund of genuine humour. Robert Lee was for a 
long time in delicate health, suffering for many years from bronchial 
asthma. He had been enjoying in Ireland a holiday, which he 
had intended extending to St Andrews, but a sharp inflammatory 


- attack came on, and proved fatal on 11th October 1890. He left 
a widow, daughter of the late Dr Borthwick of Edinburgh, and a 


family of three sons and three daughters. | 

Mr Davin GrigvE was educated at the University of Edinburgh, 
and became a solicitor-at-law. He subsequently entered H.M. 
Customs, and was collector at Banff, Great Grimsby, and Dover. 


He took much interest in Natural Science, particularly in Geology 


and Anthropology. He made a large collection of fossils. He was 
several times President of the Royal Physical Society, and was elected 
a Fellow of this Society in 1872. He died in June of last year. 
_As Medical Science sustained a great loss in Matthews Duncan, so 
did Classical Literature in the person of Professor WiLLIam Youne 
SELLAR. There was a considerable parallelism between the two men 
in their earnest devotion to work, in their clearness of judgment, 
and, above all, in their contempt for everything that was not in 
accordance with the highest ethical standards. 
Professor Sellar was the son of the late Mr Patrick Sellar, and was 
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born at Morvich, in Sutherlandshire, in 1825. From his earliest 
years he was a classical scholar. His earlier education was got at 
the Edinburgh Academy under Archdeacon Williams. He went 
to Glasgow University at the early age of fourteen, carrying with 
him from the Academy so much of classical lore as to lead him to 
go at once into the Senior University Classes, whence he came forth 
with highest honours in Greek and Latin, and much distinction in — 
the other classes. He was elected to a scholarship at Balliol College, 
Oxford, in 1843. In 1847 he obtained first-class honours in Litere 
humaniores, and in 1850 was made a Fellow of Oriel. He had for 
contemporaries a brilliant assemblage of men more or less connected — 
with Scotland, two of them, Shairp and Grant, subsequently becoming 
Principals of Scottish Universities. After acting as Assistant to 
the Professor of Humanity in Glasgow, and to the Professor of Greek 
in St Andrews, he was in 1859 elected to the Greek Chair in the 
latter University, and from this he was transferred to the Latin — 
Chair in Edinburgh in 1863. Honours flowed in upon him. He 
received the degree of LL.D. both from St Andrews and Dublin, 
and was admitted to the membership of the Atheneum Club, | 
without ballot, “as being of distinguished eminence in literature.” 
Though his first published writing was an article on Thucydides, 
which appeared in the Oxford Essays, the works by which he is best 
known, and for which he is everywhere appreciated, were in con- — 


the Republic,” and the ‘“ Roman Poets of the Augustan Age,” hold 
a foremost place in modern classical literature, have passed through 
several editions, and are valued by all scholars, British and Con- 
tinental. His teaching as a professor, though his minute scholarship 
was profound, was characterised by great breadth ; and he imparted 
to his students a large share of that with which he was himself 
imbued, the insight which the study of the Roman poets gives into 
the political, social, and moral characteristics of the Romans. 
He had been working for some time at a new volume of the 
Roman poets, which would embrace studies of Horace, Ovid, 
Propertius, Tibullus, and Martial, and which a few weeks more of | 
work would have completed. But unhappily this was not to be, for 
an unexpected attack of hepatic disease proved fatal to him at his 
country residence in Kirkcudbrightshire on 12th October. It is to 
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be hoped that a volume so far advanced may see the light, as it will 
assuredly give to the world another brilliant picture of Roman life, 
though wanting the finishing touches of the master. | 

By the death of Sellar classical literature has sustained @ severe 
loss, the University of Edinburgh has a Chair vacant, which he had 
ably filled for twenty-seven years, and his colleagues and all who 
knew him have to mourn their spahcat eens of a genial friend and 
accomplished gentleman. 

Mr ALEXANDER YULE FRaseER was born near Perth. He was edu- 
cated at the University of Aberdeen, where he distinguished himself 
specially in the departments of Mathematics and Physics, htt 
he did not neglect the other subjects of the Arts course. 

After graduating with first-class honours in Mathematics and 
Physics, he was appointed second mathematical master in George _ 
Watson’s College, Edinburgh. When George Heriot’s Hospital was 
opened as a day-school, Mr Fraser was entrusted with the charge. 
of the Mathematical and Physical Departments; and it is not too 
much to say that not a little of the success of this school is due 
to the energy with which he threw himself into the work of his 
department. He spared no pains in providing for the due equipment | 
of the Physical Laboratory, and in preparing courses of Practical 
Geometry and Experimental Physics suitable for boys. Just a 
little over a year ago, Mr Fraser was appointed Headmaster of Allan — 
Glen’s Institution, Glasgow, one of the most important technical 
schools in the country ; and it was hoped that he would now have 
an opportunity of displaying to the full his special qualifications for 
a post of this nature. But he had been at work little more than 
two months when he was attacked with pleurisy and threatened 
consumption, and felt compelled to tender his resignation. The 
governors of the school, however, were so much impressed with the - 
value of his work that they declined to accept his resignation, and 
granted him instead nine months’ leave of absence, in the hope 
that a change of climate, and a complete rest for this period, would 
restore him to health. In search of health Mr Fraser visited South 
Africa, where he resided for several months. About three months 
ago he returned to this country, and resumed his duties at the 
beginning of the present Session. He soon found, however, that 
his health was again giving way, and he had to resign his position 
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finally. He had made up his mind to return to South Africa with 
the purpose of residing there permanently, when he caught a chill, 
which led to acute inflammation ; and to this he succumbed on the 
9th of November last, at the early age of thirty-three. 

One of the objects that absorbed a very large amount of Mr 
Fraser’s attention during the last eight years of his life was the 
Edinburgh Mathematical Society. This Society may be said to owe 
its existence mainly to him. The idea of starting such a Society 
originated with him ; and as its Secretary during the first four or five 
years of its ap eetine he had all the trouble connected with the 
arrangements necessary to put such an institution upon a firm 
basis. This Society is now in its 9th Session, has about 150 
members, and publishes a volume of Proceedings annually. Mr 
Fraser has made contributions to nearly every volume of the 
Proceedings. A subject that interested him from the time of his_ 
student days was the history of the controversy on the foundations 
of the Differential Calculus. Till within three weeks of his death | 
he had hoped to be able to give an address to the Mathematical 
Society on this subject at the meeting held on the 14th of November. 
It is still hoped that it may be possible to put the notes he left’ 
on this subject into a form that will prove useful. Mr Fraser also 
contributed several articles to the edition of Chambers’s Encyclopedia 
which is now being issued. The mathematicians that interested 
him most were De Morgan and Clifford. Of Clifford’s book On 
the Common Sense of the Exact Sciences, he wrote a review which | 
appeared in the pages of the Academy. In poetry Mr Fraser had a 
great fondness for the works of Matthew Arnold. 

Mr Fraser was remarkable, among other things, for the activity of 
his intellect, an intellect that could never be idle; and for the 
energy with which he devoted himself to any work he undertook. © 
His friends always found a talk with him to have a stimulating 
effect, and many will find in the future want of this stimulus a loss 
which it will not be easy to make good. | | 

I had intended to have said a few words to the Society, chiefly 
by way of contrast, regarding the various distinguished men who 
have occupied this Chair since its foundation in 1783, but I have 
already too much tried your patience, and have exceeded the time 
which I had assigned to myself for the delivery of this address. 
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I wish to allude to only two of the previous Presidents of the 
Society. 

I need not say that when I mention the name of Sir Walter | 
Scott, I am not presumptuous enough to make any remarks about 
uim at any time or anywhere, but especially here, and on Scottish 
ground. I merely desire to state to you an interesting circumstance 
- which is perhaps new to most of you, and which does not appear 
in that interesting Journal which has been so ably edited and pub- 
lished by Mr David Douglas of this city. It is that the Council 
has recently made a valuable addition to the Society’s collection of 
manuscripts by securing a holograph letter of Sir Walter’s, in 
which he tenders his resignation of the Presidency of the Society. 
_ It appears that in the latter part of the year 1830, Sir Walter, 
with the view of residing constantly at Abbotsford, contemplated 
renouncing all associations which would detain him in Edinburgh. 
In a letter to his friend, Mr James Skene, dated Abbotsford, 18th | 
September 1830, he says :— » 


“Tt is time to think what is to be ‘ins about the Royal Society, 
as the time of my retirement draws nigh, sud I am determined at 
whatever loss not to drag out the last sands of my life in that 
sand cart of a place the Parliament House. This is, however, a 
subject for future consideration, as I have not breathed a syllable 
about resigning the Chair to anyone, but it must soon follow as 
matter of course.” 


. On the 18th of the following month he wrote the letter to which 
I have referred as having now come into the pomeanen of. the 
Society. Itisasfollows:— 


“T have the honour to einiaiad you for the information of the 
Royal Society, its Council, and Members, that being conscious of the 
entire want of that scientific knowledge which would be the most 
fit qualification for supporting! the honour of their body, I have 
hitherto endeavoured to show my sense of the distinguished honour 
of President to which their pleasure has raised me by regular atten- 
dance upon the meetings of the Society and duties of the office. 
As I am now retired from Edinburgh to live almost entirely at this 
place, which must necessarily prevent my discharging the efficient 
duty of President of the Society, and prevent almost entirely my: 
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present attendance, I think it due to the Royal Society to resign 
the high honour which they have conferred on me with heartfelt 
thanks and best wishes for the prosperity of the Institution. 


“‘T remain with sincere regard, 
“Sir, 
‘Your most obedient Servant, 


Watrer Scorr.” 
“ ABBOTSFORD, 18th October 1830.” 


‘John Robison, Esq., Secretary to the 
‘¢ Royal Society of Edinburgh.” 


This letter was submitted to the Council at a meeting held on the 
8th of November 1830. The following is the minute regarding it :— 


“Read a letter from Sir Walter Scott intimating his intention of 
residing in the country, and proposing on that account that he 
should cease to hold the office of President of the Society. 

“The Council having considered his letter were unanimously of. 

~ opinion, that although they could not under the circumstances hope 
to have the benefit of Sir Walter Scott’s frequent presence amongst 
them, yet that it was very desirable fox the interests and reputation — 
of the Society that he should still continue at their head. The 
meeting therefore instructed the Secretary to write on their behalf 
to Sir Walter Scott, and to request that he would again permit — 
them to propose his name as on former occasions of election.” 


In consequence of his resignation not being accepted, Sir Walter 
continued to be President till his death. : 

The other President whom I desire to name is the distinguished 
gentleman who has been my immediate predecessor. Of Sir William 
Thomson, who held the post of President for the full term of five 
years (1873-1878), and who has now, at his own request, been per- 
mitted to retire before the completion of a second term of office, it 
is perhaps sufficient to say that he leaves our Chair only in order 
that he may be enabled to assume the corresponding post in the 
Royal Society, London. | 
_ His position is practically unique, for, while second to none in 
the ranks of pure Science, he is absolutely without « concurrent in 
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the technical applications of some of its most recondite principles. 
The grandest works of the engineer are usually based on very simple 
scientific elements, and his skill is shown mainly in new and bold 
combinations of familiar properties. Thomson has done much 
splendid work in this direction also—witness his galvanometers 
and electrometers, his siphon-recorder, and his harmonic analyser. 
But it will never be forgotten that it was he who so applied the 
profound analysis of Fourier as to render rapid signalling possible 
through a submarine cable—thus making ocean telegraphy a mer. 
 cantile success—so that we owe to him one of the grandest safe- 
- guards of our empire, our practically instantaneous communication 

with our most distant and isolated colonies. | 

You have already at your election meeting expressed and recorded 
_ your thanks to Sir William Thomson for his conduct as our President. 
You will, I am sure, with unanimity and cordiality, express your 


wishes for his comfort and success in the sphere of distinction and 
duty to which he has been called. 


Three Prizes were awarded during the past Session. 

The GunninG VICTORIA JUBILEE for 1887-90 was presented 
to Professor Tait for his work in connection with the “Challenger 
Expedition,” and his other researches in Physical Science. His 
contributions to Physical Science are too numerous for me to 
enumerate ; but in reference to his “ Challenger” work I may call 
attention to the ingenuity with which he has determined the 
physical properties of sea water, such as compressibility, thermal 
expansivity, and its temperature of maximum density for any given 
pressure. He has also included in his investigation the compres- 
sibilities of glass. : : 

~The Kerra Prize for 1887-89 was presented to Professor Letts 
for his researches into the “Organic Compounds of Phosphorus.” — 
‘The work was difficult, and the results are of great importance. 
The special interest of the investigations depends on the remarkable 
similarities, and equally remarkable dissimilarities, shown by the 
corresponding compounds of phosphorus, nitrogen, and sulphur. 
These researches have been published in our Transactions. 

The NEIL. Prize for 1886--89 was presented to Mr Robert Kidston 
for his “ Researches in Fossil Botany.” He has devoted himself to the 
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study of Paleophytology, and has sought to determine the affinities 
of palmozoic genera and species with those of existing forms. With 
this view he has described the fructification of a number of carboni- 
ferous ferns and lycopods. He has compared the plant remains of 
several British coalfields with each other, and with those of the 
coalfields of other countries. The most important results of his 
investigations have appeared in our 7'ransactions. 


On the Occurrence of Sulphur in Marine Muds and 
Nodules, and its bearing on their Mode of Forma- 
tion. By J. Y. Buchanan, Esq., F.R.S. 

(Read December 1, 1890.) 


In the first section of the cruise of the “ Challenger,” that from 
_ Tenerife to Sombrero, the existence was established of deep-sea 
muds, perfectly free from carbonate of lime, consisting mainly of 
silicates mixed with ochreous material, principally hydrated oxides 


of iron and manganese, and of local concentrations of these materials 
in the form of nodules and of coatings or incrustations on dead 


- calcareous matter. The qualitative composition of these concentra- 


tions was carefully determined, and it was particularly noted that 
whether in the form of nodules or of incrustations they were aggre- 


gations of the general materials of the bottom, and not concretions — 


or coatings of pure hydrous oxides. | 

On the section between Bermuda and the Azores some very 
suggestive specimens were got from the bottom on 27th June 1873, 
_ when the ship dredged in 1675 fathoms in lat. 38° 18’ N., long. 34° 
48’ W. A number of light-coloured concretions were brought up 
which were much perforated by worm-holes, the walls of which 

were all stained blackish brown. Thesubstance of the concretions 
- consisted of carbonate of lime and silicates, and the black lining 

of the holes was peroxide of manganese. The various specimens 
obtained on this occasion showed the deposition of oxide of man- 
ganese in various stages, from those which showed only specks or 
stains to those containing a considerable percentage.* The most 
remarkable fact, however, was the close association of the oxide of 
manganese, especially at its first appearance, with the work of 


* They are described in my report, Proc. Roy. Soc., 1876, vol. xxiv. p. 606. 
VoL. xvi, —-81/12/90 B 
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annelids, and this produced a strong conviction that the occurrence 
of peroxide of manganese at the bottom of the sea depended in 
some way or other on the organic life existing there. 

After this comparatively little manganese was met with, until, on 
approaching the south coast of Australia, a large haul was obtained 
from a depth of 2600 fathoms in lat. 42° 42’ S., long. 134° 10’ E. 
and throughout the whole of the Pacific, when the trawl was put 
over in water sufficiently deep and sufficiently far from land, it 
rarely failed to collect abundance of manganese nodules, of all shapes — 
and sizes, and surrounding all kinds of nuclei. Concretions also 
were obtained from time to time, recalling those of the North 
Atlantic above referred to. Thus, on the plateau of the Kermadec — 


Islands, large lumps of a tufaceous sandstone were brought up, _ 


which were much perforated by serpular borings, and these were 


— lined with peroxide of manganese. At the first station after leaving 


Japan, and on the landward side of the deep gully which runs 
parallel with the islands, a large haul was obtained, chiefly of pumice, 


_ tuff, and volcanic mud concretions. These were much perforated 


by worms, and the holes were lined with black oxide of manganese. 
One concretion, a portion of which is on the table, was broken 
open in the plane of one of the worm-holes, and the worm was 
found dead in it.* On another portion a dead worm was found 
adhering, and on removing it a black stain was found below it 


- consisting of peroxide of manganese. The connection of the 


peroxide of manganese with the life of these animals was very 
marked in this case, and continued to occupy my attention from 
time to time, though without arriving at any satisfactory solution, 
during the cruise. It must not be forgotten that an invariable 


feature of the nodules was that they gave off abundance of alkaline 
and empyreumatic-smelling water on being heated, which served 
further to connect them with the organic world. 


After the return of the “Challenger” I did a good deal of 
dredging in the summers of several years (1877-1882) in the seas 
on the west coast of Scotland, and on the 21st September 1878 I 
brought up from the deepest parts of Loch Fyne (104 fathoms) a 
quantity of sandy mud, with large quantities of dead pecten shells, 
and along with them true manganese nodules, with all the outward 


“ The body of this worm was tested and found free from manganese. 
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characteristics of those from the greatest depths of the open ocean; 
and this similarity was maintained on chemical examination. The 
_ dredging anchor must on this occasion have been dropped in the 
very richest part of the deposit ; for the mud, which had undergone 
no concentrating process, was found, on being submitted to mechani- 
cal analysis, to consist of rather over 30 per cent. of nodules.* This 
was a very remarkable discovery ; for although peroxide of manganese 
was not wanting in the shallower dredgings of the “Challenger,” it 
existed only as coatings and similar deposits and not as nodules, 
which were believed to be dependent for their formation on the 
conditions obtaining in very deep water. After this particular 
attention was paid to the occurrence of manganese in all dredgings, 
and it was found to be abundant all round our coasts as a coating 
on shells, and more especially as the binding and colouring matter 
of worm tubes; but no nodules were anywhere found except in the — 
deep part of Loch Fyne. Some years afterwards Mr Murray found 
them in great abundance on the Skelmorlie Bank in the Firth of 
Clyde in 10 fathoms. 
In the same summer of 1878 I made a number of observations in 
- the channel off the north-east part of the Island of Arran, where the 
water reaches a depth of 90 fathoms. A galvanised iron bucket was 
used as dredge, with a weight attached behind, and one before it ; 
so that its action was rather to skim the surface than to dig into 
- the lower layers of the bottom. It brought up a quantity of a very 
fine red mud, in which manganese grains could be detected, not 
apparently differing from those found in oceanic red clays. In the 
process of levigation, when the mud was stirred up with water and 
the light flocculent portion poured off, the heavier portion which 
had settled to the bottom of the vessel had the appearance of having 
been cast into elongated pellets. When these were stirred up again 
with water they were partially broken up Into flocculent matter, 
_ which was poured off, leaving again pellets as before; and this could - 
be continued until the whole of the mud had been washed away as 
. flocculi, produced by the breaking up of these pellets. In the case 
of the particular mud under description, hardly anything in the 
shape of sand or coarser material remained behind. The ground- 
fauna, chiefly ophiurids, seemed to be abundant; and the pellets 


* Nature, 1878, vol. xviii. p. 628. 
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above described were the casts excreted by these creatures, which 
subsist on what nutriment they can pick up by triturating and 
passing the sand or mud through their bodies. In some of these 


animals the triturating apparatus takes formidable proportions, as_ 


in sea-urchins ; and it is probable that the sand found at low water 
owes its state of comminution largely to these animals and to worms, 
such as the ordinary lob-worm used for bait. When exam ining 
deep-sea clays in the “Challenger” I had observed the pellet 
formation, without, however, being able to refer it to any probable 
cause. Now, however, it became probable that the same causes are 
at work in deep as in shallow seas, and that the matter forming 
the bottom of the sea is being continually passed and repassed 


through the bodies of the numerous tribes of animals which 


demonstrably subsist on the mud and its contents. 


In the following season, 1879, I made an extended cruise through = 


the greater part of the waters of the west coast of Scotland, visiting 
most of the deeper spots, and paying particular attention to the 
occurrence of coprolitic mouldings of the mud. Thus, on 16th 
June 1879, dredging in the deep part of the Sound of Raasay in 
155 fathoms,* “a little mud came up. It was a fine gray clay, 
which effervesced with acids and smelled of H,S. On washing a 
quantity of it there remained the coprolitic masses and very little 


fine sand. There appeared to be a good deal of carbonate in a very 


fine state of division. There were very few shell particles visible, 
and the effervescence of what looked like flocculent clay was not incon- 
siderable.” At the time I explained this flocculent carbonate as 
having been produced out of the silicates of the mud by the ground 
animals forming sulphide of calcium, which was transformed into 
carbonate by the carbonic acid of the water. On the following 
day another haul was got in the same locality and with similar 
results; it is noted that—“ Sticking to the outside of the bag were 
many legs of ophiurids, which will account for the coprolites.” 
When attention had once been paid to it, the coprolitic moulding 
of the mud, when of a suitable consistency, was found to be 
practically universal round our shores. tT 


* From deck-book of Steam Yacht ‘‘ Mallard,” 1879. 
_ + Later, in the year 1886, when in charge of the expedition to survey the Gulf 
of Guinea in the steamship ‘‘ Buccaneer,” I found the same thing practically 
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Shore muds, that is, the terrigenous deposits which are found 
all along the shores of continents, and even at great depths—generally 
present the characteristic appearance of a reddish surface layer, 
overlying a bluish substratum. This characteristic is observed in 
deposits even far out at sea, and, where it is not masked by large 
amounts of calcareous matter, is evidently due to the oxidation of the 
bluish ferrous salts, on their coming in contact with the sea water, 
which always contains dissolved oxygen.: | 

A very remarkable example of a blue clay—for it was too 
tenacious to be called a mud—was obtained in the Sound of Jura, 

and it was particularly noticeable for the amount of. sulphides 
which it contained, and instructive by their complete disappearance 
on drying. It is worthy of more particular mention. | 

On 6th July 1879 the anchor dredge was put over in the Sound 
of Jura, where a depth of 120 fathoms was marked on the chart. It 

did not hold, and the yacht drifted, dragging it over the ground in 
a northerly direction before the wind and tide. Suddenly it 
hooked the ground, and brought the vessel up with a great strain 
on the cable. In heaving up it was with difficulty that the anchor 
was broken out of the ground ; and when it was brought to the 
surface the bag was full of a fine, unctuous, very tenacious blue 
clay, with some of the reddish-brown surface mud covering it. 
There were a few pieces of broken shell and rock, also smooth and 
rounded pebbles, which seemed to occur principally in the part 
separating the surface mud from the blue clay, but there was very 
little of this kind of matter. The whole bagful, weighing more than 


universal all along the African coast, and developed in a most remarkable manner 
on the coast flat within a considerable radius of the mouth of the river Congo. 
Here it was necessary to introduce a new designation for muds, and in this 
district the most frequent entries in the deck-book as to the nature of the 
— bottom are ‘‘cop. m.,” meaning coprolitic mud. These so-called coprolites 
) were almost jet black and of the size of mice droppings, and they were covered 

with the same substance in flocculent form, or were free from it, according to 
| the scour of the tide in the locality. It was best developed in comparatively 
shallow water, and more especially in a depth of 50 fathoms, when the large ash 

bucket, to the use of which as a dredge I found it convenient to revert, came 
up full of these coprolites, without any flocculent matter whatever. All along 
the coast the mud of the locality was moulded in a similar way, though it was 
not so striking. When the course of the cruise took us across the open ocean to 
Ascension, and thence northwards, we were able to trace the transition of the more 
earthy shore coprolites into the more mineralised and glauconitic pelagic ones. 
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1 cwt., consisted almost entirely of homogeneous blue clay of a 
tenacity similar to the clay dug for brickmaking, and quite different 
from ordinary “ blue muds.” The clay was rather foul-smelling, and 
gave off abundance of sulphuretted hydrogen when treated with 
hydrochloric acid. It was so tenacious that it was impossible to 
break it up in water for the purpose of levigation, which is always 
very easily accomplished with ordinary muds. <A considerable por- 
tion of it was dried and taken for analysis. It was found that, as soon 
as dry, not a trace of sulphide was to be found ; but the mass of the 
clay was permeated with fine particles of oxide of iron, each of which — 


~ represented a previous particle of sulphide. A specimen of this clay 


is on the table. The contrast between the fresh moist clay, which 
was thoroughly impregnated with sulphides, and the dried clay, 
without a trace of them, was very striking.* 

The fact then had been demonstrated that the mud is being con- 
tinually passed and repassed through the bodies of animals in- 
habiting the bottom of the sea. In doing so the mineral matter of 
which it consists comes in contact with the organic secretions of the 
animals, mixed with sea water, and is ground up along with them in 
the milling organs of the animals. aa 

_ The Reducing Action of organic matter on sulphates has long been 
known, and its importance as an agent in geological metamorphosis 


was thoroughly recognised by Bischof. t 


The effect of Trituration in promoting the chemical decomposition 
of silicates by water was demonstrated by Daubrée,{ more par- 
ticularly in the case of Felspar. I found the observations to hold — 
good also for Augite. Clear crystals of this mineral from the 
Tristan da Cunha group, when pulverised with water in an agate 
mortar, rendered the water alkaline to turmeric paper. 

It is evident therefore that at the bottom of the sea a number of 
conditions occur together, which are favourable to the production 
of chemical change. The ground animals, in the search of food, 
pass the mud through their bodies, grinding it up, and bringing it 

* A condensed account of my views of the part played by the sulphates of 
the sea water in the production of the ochreous deposits on the bottom of the 
ocean, and of the carvonate of lime of the shells of the Mollusca, is published 
in the Reports of the British Association (York), 1881, p. 584. 


+t Bischof, Lehrbuch der Chemischen und Physikalischen Geologie (1868), i. 
31, 358. + Daubrée, Geologie Experimentale, i. 268. — 
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thoroughly into contact at the moment of comminution with the 
sea water and the digestive secretions of the animal. The action of 
these secretions on the sulphates in the sea water is to produce 
sulphides, and the actions of the sulphides on the ochreous 
matter of the bottom is to produce sulphides of iron and 
manganese. Even if the bottom were covered with felspathic 
or augitic sand, the sulphides, acting on these silicates in the 
moment of partial decomposition, would convert the ochreous 
oxides by degrees into sulphides. That the volcanic material, lava, 
dust, scorie, pumice, which forms the bulk of the unaltered material 
of the bottom of the ocean, is so dealt with by the animals, is 
evident from the specimen from the Pacific on the table, which is 
not a singular specimen, but rather a typical one. 

Having extracted what nutriment they can from the mud, the 
animals reject it, containing a certain proportion of sulphides of 
iron and manganese. These sulphides, it is well known, are exceed- 
ingly unstable in presence of water and oxygen, and if they come 
to lie on the surface of the mud, where they are exposed to the 
action of the sea water, which always contains dissolved oxygen, 
they must be quickly transformed into oxides. In the oxidation 
of ferrous sulphide by this process there is always separation of 

_ free sulphur, which, however, is to a great extent further oxidised ; 
but it is probable that some would persist. If then the process 
just described represents at all what takes place in nature, we 
should expect to find in the ochreous deposits (the hydrous oxides 
of iron and manganese) some relics of their connection with the 
organic world. These are not wanting. All the deep-sea muds and 
manganese concretions, of every diversity of form, gave without 
exception, when freshly collected and heated in a tube over the 

lamp, a large quantity of ammoniacal water. It was important to 
ae see if sulphur could be detected. And here it is well to bear in 
mind that in the case of a “‘ blue mud,” which may contain unaltered 
sulphide, the sulphur found in the dried sample will come at least 
in part from that sulphide, and will be due to the oxidation by the 
atmosphere in the process of drying. In the case of an oceanic 

“red clay ” or manganese nodule, where no blue matter is present, 

any sulphur which is found may be properly ascribed to oxidation 
on the bottom of the sea. 
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Acting on these considerations, in the winter of 1880-81, a 
number of muds and nodules were examined with a view to the 
detection, and if possible the estimation, of free sulphur. 


Estimation of Sulphur in Muds. 


A certain quantity of the clay, dried at about 80°, was put into a 
bottle with a known weight of chloroform. The stopper was tied 
down, and it was then put into a water-bath for about an hour at 

about the temperature of boiling chloroform (61° C.). It was then 
allowed to cool, filtered into a weighed fractionating flask, and 
washed twice with a little more chloroform. The chloroform was 
then distilled off, and the residue heated slightly and weighed. 

The residue was treated with hot nitric and hydrochloric acids, 
diluted, and filtered if necessary, barium chloride solution added, 
allowed to stand, filtered, and the —— of earn sulphate 
weighed. 

In the first few sails the barium sulphate was not weighed, 
but the quantity of sulphur judged by the amount of barium sul- 
phate precipitated. | 

At first bisulphide of carbon was used, but it was ieee from. 
because, although perfectly pure, and leaving no trace of sulphur on 
evaporation, it was thought that it would be well to use a solvent not 
containing any sulphur. A portion of the blue clay from the Sound 
of Jura, which when fresh contains much sulphide, was in the 

dried state tested with both solvents, with the following results. 

. Treatment with Bisulphide of Carbon.—A quantity of the clay 
was pounded and dried at about 80°. 50:00 grammes were put into 
a bottle with 236-0 grammes of bisulphide of carbon, and allowed 
to stand all night. A weighed portion of the carbon bisulphide was 
then taken out and put into a weighed flask, and the carbon 


bisulphide distilled off, and the residue weighed. 0:28 per cent. of | 


sulphur was found in this way. 


The sulphur dissolved completely in a small quantity of bisul- : 


phide. Next day another portion of carbon bisulphide was taken 
out and put into a weighed flask, distilled, and the residue weighed. 
This gave 0°33 per cent. of sulphur. | 


The bisulphide was tested to see whether it contained any free 


sulphur ; it turned out to be very nearly pure. 
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Treatment with Chloroform.—Another 50:00 grammes of clay 
were treated with 183°6 grammes of chloroform. The mixture was 


heated for an hour on the water-bath at about the temperature of 


boiling chloroform (61° C.). A portion of the chloroform was then 
taken out, evaporated, and the residue weighed. This gave 0°39 
per cent. of sulphur. | | 


There was very little oil present in the residue, which was nearly 


pure sulphur. 


In the first ten samples the BaSO, was not weighed, but the residue 
was always oxidised and the presence of sulphur proved by the 


formation of sulphuric acid. When sulphur was found constantly | 


and in appreciable quantity, I then decided to weigh it, the opera- 
tion being, from an analytical point of view, an advantageous one, 


as the sulphate of barium weighed weighs seven times more than 


the sulphur to be estimated. By far the largest amount of sulphur 
is contained in the clay from the Sound of Jura, which, in its fresh 
state, contained large quantities of sulphides, which were completely 
oxidised on drying. The 0‘197 grammes of residue may be taken 
to be pure sulphur, which makes about 0°4 per cent. By far the 


greater part, if not the whole, of this sulphur was formed by oxida- | 
tion during drying. Had it been possible to collect and examine 


separately the reddish-brown surface layer, we should, no doubt, have 
found very much less sulphur, but it would have been mainly due 
to oxidation by the oxygen of the bottom water. 

The “oil,” which is extracted from all the muds along with 
the sulphur, and which varies a good deal in quantity, is due to 


the animal débris intimately mixed with the mud and with the | 


materials of the nodules, which are made up, for the most part, of 


_ the materials of the bottom. 


Nos. 2 and 3.—The manganese nodules of the 12th July 1875, 
from the North Pacific, in lat. 37° 52’ N., long 160° 17’ W., came 
from a depth of 2740 fathoms, where they appear to have been 


exceptionally abundant. Those of the 16th September 1875 came 


from a locality where they were equally abundant. The water was 
a little shallower, being 2350 fathoms, in lat. 13° 28'S., long. 149° 


30’ W. In both the samples of these nodules examined, the weight. 


of the residue is considerable, but as there was a little oil in both 


cases it is not possible to give the percentage of sulphur. 
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No. 4.—The mud from the Sound of Raasay, off the west coast of 
Ross-shire, was dredged from 150 fathoms, and consisted of very fine 
soft grey mud, which on washing matt a large residue of coprolitic 
pellets. 

No. 5 is a similar mud from Loch Duich, also in Ross-shire 5 it 
harboured many annelids. 

No. 6 is from the station in Loch Fyne, where, for the first time, 
manganese nodules were obtained in comparatively shallow water. 
It is a sandy clay with many dead shells. 


No. 7 is the red clay from 90 fathoms in the Firth of Clyde, off 


the north-east part of the Island of Arran, which has already been 
referred to. It is a very fine red ochreous mud, much resembling 
the oceanic clays. On washing, it is found to be almost com- 
pletely moulded into coprolitic pellets, and supports an abundant 
’ ground fauna. Like oceanic clays, on careful washing, grains of 
peroxide of manganese can be isolated, and it contains over 1 ‘per 
cent. of phosphoric acid. 

No. 8 is red clay from lat. 18° 56’ N., long. 59° 35’ W., depth 
2975 fathoms, in the western basin of the North Atlantic. | 

No. 9 is a coating of peroxide of manganese from an oceanic 
concretion, but the'locality has been omitted to be noted. 

No. 10 is mud from 115 fathoms in the channel between the 
Island of Searba and the Garvelloch Islands, about twenty miles 
S.W. of Oban. Peroxide of manganese is very abundant here as 
a coating on dead shells. 

No. 11 is from the upper basin of Loch Fyne, in 60 fathoms. 
The mud here contains a remarkably large amount of sulphur. The 
upper basin of a sea loch is, as regards many of its conditions, and 
notably as regards the nature of the mud at its bottom, in a state 


intermediate between that of the open sea and that of a fresh-water _ 


lake. The mineral constituents are usually in a lower state of 
oxidation than outside; and this is accompanied by, and partly 


due to, the relatively large amount of vegetable débris from the | 


land, All these circumstances may retard the Seaypecmnce of the 
sulphur. 

Nos. 12 and 13 are ies 00zeSs fem the Pacific and the 
_ Atlantic respectively, their particular locality not noted. — 
No. 14 is from the same locality as No. 10. | 
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No. 15 is from a position north-east of the Island of Rum, in — 


147 fathoms, soft grey mud. 

No. 16 is a blue mud, from 2050 fathoms in the Celebes Sea. 

No. 17 is a glauconitic mud from the east coast of Australia, in 
410 fathoms, lat. 34° 13’ S., long. 151° 38° E. 

No. 18 is a diatomaceous mud from the Antarctic Ocean, in 1950 
fathoms, lat. 53° 55’ S., long. 148° 35’ E. | 

No. 19 is a red clay dredged on the 13th March 1874, in 2600 
fathoms, lat. 42° 42’ S., long. 134° 10’ E. Along with the mud a 
large quantity of manganese nodules was brought up. 


No. 20 is a radiolarian ooze from the North Pacific, lat. 12° 40’ 


N., long. 152° 1’ W., depth 2900 fathoms. 
Nos. 21 and 22 are again samples of globigerina ooze from the 
Atlantic and the Pacific respectively. These samples differ from 


Nos. 12 and 13 inasmuch as the Pacific sample now contains more — 


- sulphur than the Atlantic one. 
No. 23 is the insoluble residue left after treating a nodule from 


the same locality as No. 2 with hydrochloric acid and ferrous 


chloride. The difference is very remarkable. In No. 2 the 
sulphur was not determined—that is, the barium sulphate produced 
by its oxidation was not weighed ; but it was one of these samples 
which showed that the amount present was so appreciable that it was 
worth while determining it as accurately as possible, so that it is 
certain that it must have contained at least an average amount. In 
the case of the natural nodule (No. 2) the weight of chloroform 
residue per 100 grammes substance was 29 milligrammes; in 


the case of the extracted nodule No. 23 it is 2 milligrammes, and ~ 


the weight of sulphate of barium is put down as 1 decimilli- 
gramme. In fact, the mye in the nodule had disappeared under 
the treatment. 

No. 24 is from Loch Fyne, in 87 fathoms, opposite Otter House, 
and a little further up the loch than the station No. 6, but both of 
them in the outer loch, as opposed to No. 11, which is in the 
upper and semi-enclosed basin. The contrast between No. 24 and 
No. 11 is remarkable. In the upper basin the amount of the 
chloroform residue per 100 grms. substance was 74 milligrms., 
and 10 milligrms. of it was sulphur. In the outer loch there 
were only 17 milligrms. of residue and 1 milligrm. sulphur. 
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No. 25 is a very remarkable white clay from the bottom of 
Loch Ness, and therefore a fresh-water formation. It occurs in a 
small area opposite Urquhart Castle, and in various depths, often 
covered by a thin layer of peaty substance ; but in some places, in 
depths of about 30 fathoms, the sounding-tube brings up the white 
clay alone. It was observed also in Loch Qich. It is chemically | 
quite distinct from the marine clays, being much more acid. The 
amount of matter extracted by chloroform is enormous, being 374 
milligrms. per 100 grms., most of which is oil or wax, but con- 
taining 4 milligrms. of oxidisable sulphur. It is not impossible 
that in this case the sulphur may exist as an organic compound ; 
and the amount of oily matter in the clay is interesting in the 
indication which it gives of the possible mode of formation of our — 
oil-bearing shales. 

No. 26 is from the anchorage of Isle Oronsay in the Sound of 
Sleat. 

No. 27 is from a depth of 87 fathoms off Garroch Head, in the 
Firth of Clyde. Both in this case and in that of No. 26 the 
amounts of residue and of sulphur are insignificant. 

Sulphur was thus detected in all these samples and determined 

in the greater number of them. Putting aside shallow water coast 

muds, the largest amounts of sulphur are found in the Celebes Sea 

(No. 16), in the Diatomaceous ooze of the Antarctic (No. 18), and 

in the Radiolarian ooze of the Pacific (No. 20). So far, therefore, 
as it goes, we have the evidence of the sulphur in favour of former — 
_- _ organic agency. It is worthy of remark that the property of giving 
off alkaline water on heating has in the course of years disappeared, 
and in its place the nodules on being heated give off acid vapours, 
which, it is true, contain some ammonia, but along with an 
excess of nitric acid, which is without doubt due to the gradual 
oxidation of the nitrogenous matter. It is possible that the finely 
divided sulphur may diminish and finally disappear in the same way. 
‘But in 1881, there was still enough to be easily determined. Let 
us consider the chemical reactions more closely. | 

When a mud containing ferrous sulphide is treated with dilute 
hydrochloric acid, the sulphide dissolves with evolution of sulphur- 
etted hydrogen, so long as there is no substance present which has 
a decomposing action on the sulphuretted hydrogen. If there be 
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ferric salt either mixed with the mud or in the solution, then it is 
reduced to ferrous salt, with the destruction of the equivalent 
amount of H,S and separation of sulphur. If the ferric salt be in 


excess, no sulphuretted hydrogen makes its appearance at all. The 
reaction is very simple— 


FeS +2HCl =FeCl, +H, 
ad H,S + Fe,Cl, = 2FeCl, + 2HC1+S 
.. by addition FeS+Fe,Cl,=3FeCl,+S 


because the 2HCl appears on both sides of the equation, and is in 
fact unnecessary. A trace of free acid is no doubt necessary, and 
it is turned over and over again in the reaction of indefinite 
quantities of FeS on Fe,Cl,, after the manner of a catalytic action. 
- The same reaction takes place if we use ferric sulphate in place 
of ferric chloride. 

It is evident, therefore, that if we have a sample of mud contain- 
ing sulphide, and we mix it thoroughly with a solution of FeCl, 
or Fe,(SO,),, we shall have in the ferric salt reduced a measure of 
the decomposable sulphide present. The ferrous salt can be readily © 
determined by permanganate of potash or otherwise. It will be seen 
~ from the above equation that one molecule FeS decomposes one 
molecule Fe,Cl, with the formation of three molecules FeCl,, so 
that the FeS in the mud is one-third of the ferrous salt found. 

In order to make some preliminary experiments, a mixture of 
100 grms. alum and 30 grms. ferrous sulphate were dissolved in — 
about $ litre of water and precipitated with ammonia and sulphide 
of ammonium. The precipitate was thoroughly washed by repeated 
decantations, the flask being always filled up to the neck, and corked 
and allowed to settle. When it was completely washed the surplus 
water was poured off, and the precipitate, suspended in about 3 litre 
of water, was preserved in a well-stoppered reagent bottle. The 
precipitate consists of alumina and sulphide of iron, and may 
therefore be taken as an imitation of a simple form of mud. I 
made some experiments to see with what amount of agreement in 
the results one could titrate a number of different samples of the 
same mud, 

Three flasks were placed side by side, and into each 50 c.c. sus- 
pended FeS mud were measured. The mixture of FeS + Al,O, was 
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thoroughly shaken up, then run into a narrow graduated cylinder, 
holding 50 c.c., which was emptied into the flask and then washed 
once into it with distilled water. To each of the flasks was then 
added 10 c.c. of the reddish-brown but still acid, ferric sulphate 
solution, and the contents shaken. In a few seconds the black 
colour of the sediment had disappeared entirely, being replaced by 
a yellowish-red precipitate, which disappeared for the most part on 
- the addition of dilute sulphuric acid. Water was then added to 
_ bring up the volume to 250 c.c., and the titration was effected with 


permanganate of potash solution (1 litre containing ge grns. 


The three portions of 50 c.c. required each 11°6, 11°6, and 11°7 c.c. 
permanganate respectively. We see then that a suspended pre- 
cipitate can be measured off about as accurately as a dissolved 
salt. | 
It is evident, then, that if we have a mud containing FeS and 
other ferrous compounds decomposable by HCl, we can determine 
first the FeS by adding Fe,C], and titrating a portion with perman- 
ganate; then the other ferrous compounds, by adding HCland titrating 
another portion with permanganate, due account being kept of the 
weights and volumes used. In order to try the method in practice, 
three soundings were made ;—on 30th September 1881 in the Sound 
of Raasay, off Croulin Island, 120 fathoms; and on the Ist October 
1881 in Loch Duich, in 49 and 51 fathoms. The first of these re- 
' presents more or less the conditions in the open sea of coast waters ; 
the last two represent the conditions in a semi-enclosed loch basin. 
The Sound of Raasay mud was a light grey mud, with no offensive 
qualities. Both samples from Loch Duich were very foul smelling. 
All three samples were tightly stoppered up in their wet condition, 
and examined on 20th and 21st October 1881 in my laboratory in 
Edinburgh. I unfortunately had no suitable ferric solution afloat 
with me so as to treat them immediately. In the three weeks that 
both muds from Loch Duich were kept in bottles, the surface layer 
got completely oxidised, and on opening the bottles the smell was 
gone; but, on breaking through the surface layer, the unaltered 
black mud was exposed with all its original qualities, including its 
peculiar odour. 
The following was the method used in the case of the Loch Duich | 
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mud from 49 fathoms. Two portions of the damp unaltered mud were 
weigheu out; one portion, 6°724 grms., was dried at 100° C., and the 
other, 7°881 grms., was’ treated with deep red Fe,Cl, in a 100 c.c. 
flask, which was then filled up to the mark with water. 50 c.c. of this 


solution, containing 3°94 grms, damp mud, were acidified with sul- 


phuric acid and titrated with perm anganate (sso grms. per litre) : 


using 19 c.c. To the remaining 50 c.c. with sediment (the volume 
of which may here be neglected) were added 4 cc. of strong 
hydrochloric acid (12°5 HCl grms. per litre), filled up to the mark, 
and allowed to settle. 50 c.c. of this solution, containing 1:97 grms. 


: damp mud, were further acidified with sulphuric acid and titrated 


“with the same permanganate, of which c.c. were used. <A litre of 


the above permanganate oxidises 5°6 grms. iron from the ferrous to 
the ferric state. Inthe first operation, 50 c.c. solution used 1°9 c.c. 
permanganate, therefore the whole amount of mud, 7:881 grms., when 
treats With ferric chloride, would require 3°8 c.c.=0°0213 grm. 
on. 

Afver. -atment with hydrochloric acid a quantity of solution 
equivalent to 1°97 grms. wet mud required 1°7 c.c. permanganate, so 
that 7°881 grms. mud would require 6°8 c.c. when treated with both 
HCl and Fe,Cl,, which — 0:0381 grm. iron. Therefore, 
total iron found by | 


Permanganate in HCl + Fe,Cl, 09-0381 grm. 
Deduct Iron found in Fe,Cl, solution, 


Leaves Iron present: as Ferrous Salt extracted by 4 0-0168. 
Hydrochloric Acid, 

Of the 0:213 grm. iron found in the first solution we have seen 

that only one-third is to be reckoned as belonging to the mud, and 


to be taken as forming FeS, so that in 7°881 grms. wet mud 
we have 0-0071 grm. iron present as sulphide, equal to 0°0112 
grm. FeS, and 0°0168 grm. iron present as ferrous oxide extracted 


by hydrochloric acid, equal to 0°0216 grm. FeO. 

The 6-724 grms. wet mud weighed when dried at 100° C., during 
which it was oxidised as well as dried, 2°011 grms., equal to a loss 
uf 70°1 per cent. Therefore the dry mud is 29-9 per cent. of the 
damp mud taken. The 7881 grms. damp mud therefore represent 
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2°3564 grms. dry mud, and therefore we find that the mud taken as 
dry contains 0°47 per cent. FeS and 0°92 per cent. FeO in some 
other easily decomposable combination. | 

The other samples were treated in the same way, and in the Loch 
Duich mud, from 51 fathoms, 0°94 per cent. FeS + 0°65 per cent. FeO 
were found. It is remarkable that the amount of F,S should be 80 
small in such offensive muds. — 

In the outside mud from 120: fathoms in the Sound of Raasay 
only 0:05 per cent. FeS and 0:1 per cent. FeO were found. 

In connection with this mud, which contained some shell 
debris, the method was found to be less applicable than to muds 
free from calcareous matter. The reason is obvious; because, on 
adding a neutral ferric solution to a mud containing carbonate of 
lime, precipitation of the ferric oxide by the lime immediately 
commences. This would not really interfere with the reaction, 


because the FeS would reduce the precipitated Fe,O, all the same, 


and the ferrous salt can still be determined by permanganate ; but 
in truly calcareous bottoms this action is troublesome, and the 


method will require special study in this direction. In the semi-— 


enclosed basins of the sea lochs, which, as has already been observed, 
form a transition between the open sea and fresh-water lakes, the 
bottom resembles more nearly that of the fresh-water lakes, in the 
absence of mollusca, and in the abundance of organic matter of 
vegetable origin, than that of the open sea with its abundant and 
varied ground fauna. It differs from those of fresh-water lakes in 
being bathed by sea-water largely impregnated with sulphates. Con- 
sequently it is in the inner basins of sea lochs that the conditions 


for a constant production of sulphides are present, while the same 


conditions are hostile to the presence of calcareous organisms, 
Hence it is in these basins that the greatest quantities of sulphides 
are found, and it is in their muds wnat the above method is most 
applicable. 
The sul phuretted muds, however, are so alterable by atmos- 


pheric influences that it is essential that they should be treated | 


immediately on collection. For this purpose weighed wide- 
mouthed bottles with good stoppers should be provided. When 


a specimen of mud is brought up from the bottom, a sample 


of it is immediately taken with a spatula and put into one 
VOL. XVIII, 81/12/90 
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of these bottles containing a known quantity of ferric chloride 
solution, at least sufficient to completely cover the sample of mud. 
Another sample, as nearly similar to the first as possible, is taken © 
and stoppered in another bottle for drying. In this way a large 
amount of valuable information might be gained; but it will be 
evident from the nature of the case that the actual figures obtained 
in any one particular case are affected by a considerable possible 
error. | 

In the month of June 1881 I carried out a number of laboratory 
experiments bearing on this subject, using the sulphides of different 
metals of the iron group. These bodies were all prepared in the 
same way, namely, by precipitating the sulphates with sulphide of 
ammonium, and washing by decantation in stoppered bottles, always 
filled up quite full. A quantity of hydrated ferric oxide was also 
prepared by precipitating ferric chloride with ammonia and 
washing. All of these precipitates, when thoroughly washed, were 
_ preserved suspended in distilled water in es reagent 
bottles. 

Ferrous Sulphide and Ferric Oxide.—When quite neutral these 
substances do not react on one another, at least at once. But if the 
water has the slightest acid reaction reduction of the sesquioxide 
and production of sulphur take place rapidly. A mixture of Fe,O, 
and FeS in water and quite neutral was corked up and allowed to” 
stand for five days, when the sediment was found to be separated 
into two sharply-defined layers—the upper red, consisting of the 
oxide, and the lower black, of the sulphide. When brought 
together, therefore, in presence of nothing but distilled water, there 
~ is no appreciable resultant action. 

Manganous Sulphide can be preserved perfectly under distilled 
water in well-stoppered bottles filled to the neck. A considerable 
quantity was prepared in the summer of 1881, and, when thoroughly 
washed, it was put away in three separate bottles. The contents of 
only one bottle were used for experimental purposes, and the upper 
part of it got coloured immediately black with oxide of manganese, 
_ from the oxidation of the flakes of sulphide which adhered to the | 
surface of the upper part of the bottle, left dry when some of the 
water and precipitate had been poured out. This took place at the 
time, and was to be expected. The two other bottles, which were 
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filled up with the manganous sulphide at the time of preparation, 
have never been opened since, though they have all the time been 
exposed to the light, and are exactly in the condition in which they 
were when bottled nine and a half years ago. There is no trace of 
oxidation. | 

Manganous Sulphide and Hydrous Ferric Oxide.—Both substances 
are used, suspended in distilled water. If the ferric oxide be 
cautiously added to the sulphide of manganese, and both suspended in 

water, the red patches are seen to disappear, and the general colour 
of the suspended matter becomes rather lighter in colour than the - 
Mn§, and there is no formation of FeS. If further additions of 
Fe,0, be made, red flakes deposit themselves. They do not appear 
to be unaltered Fe,O,, but are exactly like the ‘‘red cherty par- 
ticles ” of manganese bottoms. On still further additions of Fe,O,, 
the colour changes quickly, though not instantaneously, to black, 
with, however, a large admixture of white particles, the two being ~ 
easily seen to be perfectly distinct. There is also a quantity of pre- 
cipitated sulphur which remains floating in the liquid long after 

the heavy matter has subsided. | 

Prosecuting this line of experiment, I made three mixtures’ in 
suitable flasks. | | 

No. 1 contained MnS and Fe,0,, the MnS being in excess. 
There was formation of red cherty particles, but nothing black. 

No. 2. The same substances, but containing the Fe,O, in excess ; 
the mixture quickly turned black. 

No. 3. The same as No. 2, only it was made up with warm water, 
and it turned black almost at once. : 

These experiments were repeated, and with the same results. 
The above flasks, Nos. 1, 2, and 3, were corked up and allowed to 
stand over night. No. 1 contained numerous black particles, as 
well as red cherty ones, and an excess of MnS as well as sulphur. 
Nos. 2 and 3 were much as they had been the night before, except 
that the white particles had almost entirely disappeared, as also all — 
red particles. The reactions are considerably accelerated by heat. 

On examining the contents of each of these flasks, no peroxide of 
manganese was found, but large quantities of sulphide of iron. 
The likeness in the red flakes to the cherty particles of the bottom 
muds in the manganese districts of the South Pacific. and of the 
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kernels of some manganese nodules was very stetking. It is not 
improbable that the first action of the MnS on the Fe,O, may be 
accompanied by the formation of mixed oxides of iron and man- 
ganese ; but there is much to be done in this direction in the strictly 
quantitative investigation of the interaction of the insoluble, but 
not inert, compounds of this as well as of other groups of metals. 

Ferric Sulphate and Manganous Sulphide.-—Experiments were 
now made, using the iron as a ferric salt in solution, and for this 
purpose ferric sulphate was used. It was made as nearly neutral as 
possible by addition of ammonia. The MnS was, as before, sus- — 
pended in distilled water. 

On adding ferric sulphate to excess of MnS, the formation of FeS 
is immediate. 

On adding a large excess ol Fe,(SO,), the FeS is 
there is formation of basic salt, and on dissolving it with H,SO, the 
solution contains large quantities of ferrous sulphate. | 

On experimenting with solution of ferrous sulphate it was found 


that excess of MnS precipitates the iron asc as Fes, acting 


exactly like an alkaline sulphide. : 
The rationale, therefore, of the mere: is very 


Thus 
| Fe,(SO,), + = 2FeSO, + MnSO,+8 ay 
and 2FeSO,+2MnS=2FeS + 2MnSO, 
: .”, adding (1) and (2) we have 
Fe,(SO,),+3MnS=2FeS +3MnS0O,+S . (3) 
and 2¥Fe,(SO,),+2FeS =6FeSO,+25 . . . . (4) 


and (3) + ( 4) = 3¥Fe,(SO,), + 3MnS = 6FeSO, + 3MnSO, +38 . —@) 
or Fe,(SO,),+ MnS=2FeSO,+ MnS0,+8 . (6) 
which is identical with (1), and by adding more MnS we get the 


conditions of equation (2), and so on, repeating the cycle. _ 


Hence, if we add MnS to excess of Fe,(SO,),, we should get 
reduction of the ferric salt without formation of FeS. On adding 
excess of MnS, we get formation of FeS, and then on adding 
excess of Fe,(SO), we get back to the same state of things as at 


first. 


The reaction of equation (1) can be obtained by very cautiously 
adding small quantities of suspended MnS to a very large excess of — 
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Fe, (SO,),. Still there is always local formation of FeS which dis- 
appears on mixing, so that the reaction is really that of the whole 
cycle. The action, therefore, of MnS on soluble iron salts is in the 
first instance to reduce whatever is in the ferric state to the ferrous, 
and then at once to precipitate the ferrous salt as sulphide, a man- 
ganous salt taking the place of the ferrous salt in the solution. 

When added in great excess to solutions of nickel sulphate, man- 
ganous sulphide precipitates it as NiS. When added to solution of 
sulphate of zinc, it either does not precipitate it at all or only very 
slightly at ordinary temperatures. Sulphide of zinc was not found 
to precipitate manganese sulphate solution. 

As the result, then, of the observations and experiments which 
have been recited I was led to believe that the principal agent in 
the comminution of the mineral matter found at the bottom of both | 
deep and shallow seas and oceans is the ground fauna of the sea, 
which depends for its subsistence on the ongpae matter which it 
can extract from the mud. 

’ In order to fit them for collecting their nutriment in this way the 
animals have been fitted with different forms of masticating or 
milling apparatus, so as to thoroughly deal with the matter 
which they pass through their bodies. It has been shown that 

- most silicates are decomposed to a certain extent when ground or 
pulverised under water ; so that the mere mastication of the sand or | 
mud in presence of pure water would have a decomposing action on 
the silicates which it contains. This action is much assisted, in the 
case of marine animals, by the fact that the water which they pass 
through their bodies along with the sand is charged with sulphates. 
These are easily reduced to sulphides by the action of the organic 
matter of the secretions of the animals. The resulting sulphide at 
once suffers double decomposition with any oxide of iron or man- 
ganese which is present as such in the mud, or may be being 
set at liberty from silicates under the decomposing influence of 

trituration under water. The sulphides of manganese and iron so 
formed are in course of nature extruded by the animals, and if 
exposed to the sea water on the surface of the mud are quickly 
oxidised, the manganese taking priority. The mud below the 
surface layer, in localities where ground life is abundant, remains 
blue, being protected by the oxidation of what is above it. — 
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At the bottom of the ocean the mineral matter is thus exposed 
to a reducing process due to the life of the animals which inhabit 
it, and to an oxidising process due to the oxygen dissolved in the 
water. Other things being equal, the redness or blueness of a mud 


or clay depends on the relative activity of these processes. They 


also exercise a controlling or modifying influence on one another. 
For, although marine animals are much less sensitive to variation 
in the amount of oxygen in their atmosphere than terrestrial 
animals, itis certain that there must be a limit to the deficiency of 
oxygen which each animal can support ; and when this limit is 
approached, its reducing activity is diminished, or, it may be, — 
extinguished. The water in the course of circulation is being con- 
tinually renewed, and, meeting with a diminished amount of freshly 
reduced matter, it is able to push the oxidation of the mud to a 
greater depth. It is easily conceivable that in many of the deep 


parts of the ocean the amount of ground life may be so limited that 


the water has no difficulty in oxidising at once its ejecta ; and 


these conditions would be favourable to the formation of a red 


clay or chocolate mud according to the preponderance of iron or 
While dealing with this subject it is proper to refer to Darwin’s 
book on Vegetable Mould and Earthworms, which was published 
in 1881. His masterly investigations in the kindred department of 


the part played by earthworms in the formation of the terrestrial 


soil strengthened me much in my belief in the soundness of the 
views above developed as to the formation of marine muds. Indeed, 
to a certain extent he extends his views himself to the case of 


marine muds. At page 256, after noticing that it is due to the 


milling action of the gizzards of worms that the supply of 
exceedingly finely divided mineral matter, which is removed from 


_ the surfaces of every field by every shower of rain, is constantly 


renewed, he adds in a note: “ This conclusion reminds me of the 
vast amount of extremely fine chalky mud which is formed within 
the lagoons of many atolls, where the sea is tranquil and waves 
cannot triturate the blocks of coral. The mud must, so I believe, be 
attributed to the innumerable annelids and others animals which 
burrow into the dead coral, and to the fishes, Holothurians, &c., 
which browse on the living corals.” Darwin further gives an 
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approximate numerical result or estimate of the work of earth- 
worms which is interesting. At page 258 he says: “ Nor should 
we forget, in considering the power which worms exert in tritur- 
ating particles of rock, that there is good evidence that on each acre 
of land which is sufficiently damp and not too sandy, gravelly, or 
rocky for worms to inhabit, a weight of more than 10 tons of 


earth annually passes through their bodies and is brought to - 
surface.” 


On a Simple Pocket Dust- coupe. 
By John Aitken, Esq. 


(With a Plate.) 


(Read December 1, 1890.) 


It is now a year and a half since I communicated to this Society 
a description of a portable form of apparatus for enabling us to 
count the number of particles of dust in the atmosphere. The 
working of that instrument in my hands has been most satisfactory, 
and though it has occasionally given trouble, yet it has not given 
more than might have been expected. Though that apparatus has 
worked quite pleasantly with me, and enabled a beginning to be 
made of an investigation into the amount, and the effects, of dust 
in our atmosphere, yet very few have as yet followed up this line of 
inquiry. This has probably been owing to there being something 
in the complicated nature of the apparatus which has deterred 
others from joining in the work. I therefore determined to see if a 
simpler, and at the same time a reliable, form of the apparatus 
could not be devised. | 
After the experience in making of observations 
with the portable apparatus, I have acquired an acquaintance with 
its weak points, and a knowledge of what it would be necessary for 
an instrument of this kind to do under the different conditions 
in which it would be required to work, and I may now sum up the 
indictment against the portable apparatus under the following 
heads :—It is too complicated ; it has too many weak points; it is 
too heavy; it has an unnecessarily wide range for meteorological 
work ; and it is too expensive. If an instrument could be con- 
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structed free from the first four charges, it is probable the fifth 
would vanish. | : 

_ First, as regards weight, the experience gained with the portable 
apparatus has shown that the size may be very much reduced if 
the instrument is to be used only for testing air of country districts— 
t.e., air free from immediate local pollution. Experience has 
shown that in country air the number of particles is rarely over a few 
thousands per cubic centimetre. It is therefore not necessary to use 
the small measures of the portable apparatus under these condi- 
tions, as we can with the air-pump alone test air up to an impurity 


of 25,000 per cubic centimetre. It is only for air of greater im- 


purity than this that the stopcock measures are required. These small 
measures may therefore be omitted. Again, when testing country 
air, the proportion of pure air to impure air required to make a test 
does not vary greatly—from 4 to 1 to 19 to 1. The receiver of the 
instrument does not therefore require to be so large as when the air 
to be tested requires to be mixed with some hundred times its 


volume of pure air. This admits of the receiver, and therefore of 


the whole apparatus, being greatly reduced in size. The capacity of 
the receiver in the pocket instrument has therefore been reduced to 
one-fifth of that of the portable apparatus. This at once effects a 


great reduction in the weight, and the stopcock measures not being 


required reduces the expense as well as the weight. 

Turning now to the weak and troublesome parts, these are 
principally :—(1) The air-pump valves are liable to get out of order, 
and occasionally give rise to trouble. (2) The india-rubber tube 


for closing the opening through which the stirrer-rod passes — 
occasionally fails, and gives trouble by leaking. Further, these 


india-rubber tubes with closed ends require to be specially prepared 
for the instrument, and it is difficult to get suitable tube for 


the purpose. And (3) the silver counting stages are delicate and | 


troublesome to keep. So far as my experience goes this is not the 


— case, as after a little practice no trouble has been experienced, and 


the first silver stage put into my instrument is still in use and in 
good condition. My experience, however, is not that of others, 
and it seemed in the highest degree desirable that some improve- 
ment be made in this direction by the. introduction of a counting 
stage that could be more easily kept in working order. 
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Returning now to the first weak point, viz., the air-pump valves, 
reference to the Plate given with this paper will show how this 
difficulty has been overcome. The figures on the plate show the 
new pocket instrument drawn full size. In the figures, R is the 
receiver, and P the pump. It will be observed that the receiver R 
communicates with the pump P by means of the stopcock K, and 
it will be noticed that all difficulty with the valves is got over by 
simply removing them altogether, and making the stopcock K act 
the double part of air-pump valves, and valve for admitting the air 
to be tested. The passage through the plug of the stopcock K is. 
not straight, but is bored at right angles as shown. It will also be 
noticed that there are three ports in the body of the stopcock—one 
communicating with the pump P, one with the receiver R, and one 
with the outer air. 

It will be observed that the lower part of the air-pump is similar 
in design to that of the portable apparatus. The continuation of 
the pump-barrel G forms a guide for the piston-rod of the pump, 
and has a scale graduated. on it to enable the observer to introduce 
| into the receiver different proportions of impure air for testing. At 

| fig. 4 is shown a separate drawing of the guide-tube, and on it is — 
| | shown the scale marked with the figures 35, 345, zo, $- This scale 

| | is so divided that when the guide-collar is drawn down to those 

respective marks it enables us to introduce into the receiver 

| measured quantities of impure air, such that when mixed with the 
pure air in the receiver and expanded there will be these propor- 

tions of impure air in the receiver. So that on making a test and 

counting the number of drops per cubic centimetre in the mixed 

4 and expanded airs in the receiver, the number so obtained must 
be multiplied by the proportion of impure air used. Suppose, for 
instance, that we drew down the pump to the ,4, mark on the 
scale, and on testing the mixture of this amount of air with the 
cE: pure air in the receiver, and observed, in say, ten tests, an average 
of two drops per square millimetre, then as there is one centimetre 

of air above the counting stage, two drops per square millimetre 

will be 200 per cubic centimetre in the air of the receiver, but 
this figure must in this case be multiplied by 20 to get the number 

of particles in the outer air, which in this case would be 4000, 

The guide G is fitted to the cylinder cover of the air-pump by 
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means of a screw to enable it to be taken to pieces for the con- 
venience of packing. The piston of the air-pump is packed with 
the usual cupped leather. To this I have added a small spring 
ring, as shown in drawing, at the lower part of the piston. This 
ring, so far as experience yet goes, has been found to be an 
advantage, and has kept the piston always tight with varying 
degrees of dryness of the leather. 

The second weak point in the portable apparatus, to which 
reference has been made, is the india-rubber tube making the air- 
tight joint between the rod of the stirrer and the receiver. Here, 
again, as will be seen from the drawing of the pocket instrument, 
the difficulty has been got over by simply removing it, and closing 
the end of the tube with a metal cap. This is possible in the 
pocket instrument, because we can move the stirrer without touching 

it. It is only necessary to invert the instrument, when the stirrer 
drops to the other end, and on again bringing the instrument to its 
original position, the stirrer again drops to the bottom. These 
movements are made two or three times to make the mixing 
thorough. Some little attention is necessary in the construction of 
the stirrer. It will not do to put a diaphragm into the receiver 
and allow it to fall anyhow. The effect of that would be to manu- 
facture a great quantity of nuclei, and copious showers would 
invariably follow its use. These showers are caused by nuclei 
formed by the wet surface of the stirrer splashing on the wet 
surface of the receiver. It will be seen from the drawing that the 
stirrer is caused to move truly by means of a small rod fixed in it, 
and projecting downwards. The lower end of this rod enters a 
tube which projects through the bottom of the receiver, the lower 
end of this tube being closed. Both ends of the guide-rod 
are pointed to reduce this splashing surface to a minimum. 
When the instrument is inverted, the falling stirrer keeps parallel 
to the top and bottom of the receiver, but touches neither, save at 
the points, and nuclei are rarely formed. As in the other instru- 
ments, both sides of the stirrer and the bottom of the instrument 
- are covered with blotting-paper, cemented on with india-rubber 
solution. The blotting-paper is kept moist to saturate the air, and 
supply water for the rain drops, when the entering air is dry. 

On referring to the drawing it will be seen that there is no 
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filtering apparatus attached to the pocket instrument. With the 
removal of the air-pump valves its use would be inconvenient, and 
it is not a necessary part of the apparatus. For viewing the 
counting stage the magnifying lens M is used. A common single 
lens of about two-centimetre focus does very well for the purpose. 
It is lighter and less expensive than a compound one. The 
lens is mounted in a tube which slides into another tube, this 
larger tube is attached to a disc of brass of the same diameter as 
the top of the receiver. This disc has a flange all round it of such 
a size that, when cut so as to give it a spring, it grasps the top of 
.. the receiver firmly, but in such a way that it can be easily lifted | 
off. This is necessary, as the inside of the glass cover of the 
receiver often gets dewed, and the easiest way of removing the - 
condensed moisture is to lift off the cover carrying the lens, and 
hold the finger on the glass to heat and evaporate the moisture 
from the inside surface. | | 

Before proceeding to describe the improvements in the counting 
stage, it will be as well to describe the manner of using the new 
instrument. The first thing to be done is to see that the inside of 
the receiver is wet. If it is, then examine the inside surface of the 
glass cover of the receiver, and see if it is free from condensed 
moisture, which would interfere with a clear view of the stage. If 
it is not clear, take off the metal cover and hold a finger on the 
centre of the glass plate till it begins to clear, and then replace the © 
cover. Too much heating should be avoided, as it gives rise to 
trouble with the counting stage. Now examine the surface of the 
counting stage, and see if it is free from specks. If it is not 
satisfactory, take it out and clean it with a piece of clean cloth. 
Care is advisable in doing this to see that the cloth is perfectly 
clean, as otherwise the stage will look dirty and streaky in the 
humid atmosphere in the receiver. If the stage is simply dewed, 
then touch the underside of it with a finger to heat it slightly. - 
If the finger is not quite clean, put a thickness of cloth or other — 
protection over it. If these two glass surfaces are in gud order, 
the instrument is ready for making a test. 

If it has been necessary to take the counting stage out of the 
receiver to clean it, then this will have admitted much impure air, 
and as there is no filter to enable us to fill the receiver with pure 
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air, we must now purify it in another way. To do this the stop- 
cock A is closed, and the stopcock K is turned so as to put the 
pump into communication with the receiver, that is, in the position 
shown in fig. 1. A stroke of the pump is now made. This causes 
condensation to take place on the dust particles when some of them 
drop out of the air. The piston is again put to its top position, 
and another stroke made, when more particles settle, or are 
deposited on the sides by the rush of air. After this expanding 
and condensing process has been done a few times all the particles 
of dust will have become nuclei, and be deposited on the bottom of 
the receiver. The air will now be pure, no drops falling when expan- 
sionismade. This process of purifying the air in the receiver is quite — 
as quick as the filtering one. Indeed, when the filtering process is 
used, it is always quicker to end by showers of the last particles. 

The air in the receiver being now purified so that no drops are 
seen falling when expansion is made, the next thing to be done is 
to introduce into the receiver the necessary quantity of the air to 
be tested. However, before doing this, it is advisable to turn the 
stopcock K a quarter turn to the left, so as to bring the receiver 
into communication with the outer air. The object of doing this 
is to bring the pressure inside the receiver to that of the open air. 
When making the repeated expansions to purify the air in the 
receiver, some air may have leaked in past the piston, and it is to 
get rid of this air that the stopcock is opened and the receiver put 
into communication with the outer air before taking in the 
measured quantity. If this was not done the amount measured in 
- would be too small by the amount of the leakage. There will be 
no leakage if everything is in good working order; still it is a 
good precaution always before taking in the air to be tested to turn 
the stopcock and allow any plus pressure to escape. 

The air in the receiver being at the same pressure as the outer 
air, the measured quantity of the air to be tested is then taken into 
the receiver in the following manner :—The piston being at the top 
of its stroke, where it ought always to be at the end and beginning 
of every test, and the stopcock in the position shown in the draw- 
ing, the piston is then drawn down the amount that is thought 
will be suitable under the conditions, Say it is drawn down to the 
i mark on the scale, by this movement there is taken out of 
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the receiver a measured quantity of air. The stopcock K is now 
turned one quarter turn to the left, so as to bring the inside of the 
receiver into communication with the outer air. When this is done 
the measured quantity of air rushes into the receiver. The quantity 
-_of air we have taken out of the receiver to make room for the air 
to be tested is, however, still in the pump, and must now be got 
quit of. To do this it is only necessary to return the piston to the 
top of its stroke before turning the stopcock back again to bring 
the receiver into connection with the pump. When the stopcock | 
K is turned to the position to admit the outer air to the receiver, it 
will be seen from the drawing that the pump is then also in com-. 
munication with the outer air by means of a small passage drilled 
longitudinally through the plug of the stopcock. By this arrange- 
ment only one movement of the stopcock is necessary for admitting — 
_ the air to the receiver, and opening the discharge valve of the pump, 
and when the stopcock is again turned to bring the receiver into 
connection with the pump, the discharge valve is closed. From 
this it will be seen, that though we have dispensed with the air- 
pump valves in this new arrangement, we have not increased the 
number of stopcocks required, nor the number of movements 
necessary for making a test. 
The necessary quantity of air being admitted to the receiver, 
and the pump emptied, and the stopcock turned to its original 
- position, so that the receiver is in communication with the pump, 
the instrument is then inverted so as to cause the stirrer to drop 
inside the receiver, and again brought to its vertical position when 
the stirrer again drops. This is done two or three times to mix the 
impure air with the pure air in the receiver. When this is done, 
the instrument is held, with the top of the receiver horizontal, 
and in a convenient position for the observer viewing the 
counting stage through the magnifying glass. Expansion is 
then made, and the number of rain drops counted in the usual 
way. If in this trial more than five drops fall per square milli- 
metre, then too much impure air has been taken in, and a smaller 
"proportion of impure air must be used to get a correct test. From 
the number of drops observed it is easy to determine whether 51, 
or i, will be the best proportion to use for testing under the 
existing conditions. On the other hand, if, in this preliminary 
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trial, less than one drop per square millimetre fell, then the 
quantity of impure air ought to be increased to, say, + impure air. 
Sometimes, however, the air is so pure that + is too little, and it is 
desirable to have no pure air in the receiver, and to {fill it entirely 
with the air to be tested. When this is the case, the stopcock K 
is turned so as to put the receiver into communication with the 
outer air, and the air is drawn out of the receiver through the stop- 
cock A. This may be done either by means of the mouth, or by 
any simple piece of apparatus. The current must be kept flowing 
through the receiver till all the pure air has been drawn out. After 
this the stopcock A is closed, the receiver put into communication 
- with the pump, the stirrer worked, expansion made, and the drops 
counted in the usual way. When working in this way the number 
obtained per cubic centimetre in the air of the receiver has to be 
multiplied by 1-4 to allow for the reduction in number produced by 
the expansion. When working in pure air it is often necessary, 
instead of confining the attention to one square millimetre, to 
observe the number of drops that fall on a square of four squares, — 
or on a square of nine squares, that is, of nine square millimetres. 
Having described the manner of working the new apparatus, we 
shall now proceed to describe what has been done to improve the 
counting stage, and make it more simple and easily kept in working 
order. Naturally glass seemed the most suitable substance for 
making those stages on account of the perfection of its surface, as 
well as for the ease with which it can be kept clean. I had pre- 
viously tried glass, but with no good results; but though I had 
hitherto failed, the many advantages to be derived from the use of 
glass induced me to make a fresh attempt. The difficulty with 
glass is that the drops when they fall on it are nearly invisible. It 
does not matter whether we use glass mirrors or blackened glass— 
in all cases it is difficult to see the drops. On examining into the 
cause of this difference between glass and silver surfaces, water 
spray was allowed to fall on these surfaces, and the drops were then 
examined by means of a magnifying lens as they rested on the 
different surfaces. It was seen that on the silver, the drops scarcely 
touched the surface, but formed little flattened balls, and their 
brilliancy is due to the light reflected from the internal concave 
surface furthest from the light ; whereas the drops on glass adhere 
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to and spread themselves over it, more or less, but there is no — 
internal reflection, and only a slight external one on the convex 
side next the light. 
The problem then came to be—Could it not be possible to prevent 
the drops adhering to and spreading themselves on the glass? In 
some trials I got encouragement to suppose this might be possible 
by coating the surface of the glass with some substance that would 
repel the water. The manner of testing this was to coat a clean plate 
of glass with the substance under trial, allow a shower of spray to fall 
on it, and examine the drops witha lens. In this manner many 
substances were tried, but the best results were got with paraffin-wax 
and refined beeswax. These substances were put on the glass, 
and then rubbed off till their presence could scarcely be detected. 
Glass so treated was found to act exactly like silver; the spray 
— vested on the surface in little round balls, and showed the internal 
reflection well. 
These substances were then tried in ‘he diahenitin, on small 
silvered glass counting stages, and it was found that they did 
perfectly under certain conditions, but it was difficult always to 
secure these conditions with the very small pieces of glass. The 
treatment was tried in practice for a time, but it was found to be 
troublesome, as it did not always produce the desired result. The 
plan was therefore abandoned as it was not thought good enough, 
nor sufficiently simple, and certain in its action, to be put into the 
hands of most observers. as. 
Experiments were therefore begun in another direction, and trials 
made of the effect of illuminating the stage from beneath. If we 
place a mirror underneath the glass stage so as tv reflect the light 
of the sky through the stage, no satisfactory result is obtained 
owing to the general glare of light. However, I have fortunately 
succeeded in lighting the stage from beneath in such a way 
that not only are the drops visible, but they are seen with a 
distinctness far superior to anything yet obtained, even with silver 
in its best condition and best lighting. Not only so, but a very 
low degree of illumination is sufficient to show the drops clearly. 
One great advantage of this is, that observations can be made in 


early morning and late evening, ‘When the light is far too feeble for 
working with silver. 
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This method of illumination is shown in the drawing of the 
instrument (see figs. 1 and 3). The counting stage is made of 
glass, and is illuminated from beneath, the light being reflected 
upwards by what we might call a spot-mirror, which is simply an 
ordinary mirror with a black circular space in the centre. This 
enables the drops to be illuminated by means of a slightly oblique 
light, while an image of the black spot covers the field of the lens. 
The result is the drops are seen shining brilliantly on al nearly black 
field, and are counted with great ease. 

After satisfying myself of the value of this method of working, « 
difficulty presented itself. I had an ordinary micrometer made of a 
size suitable for the counting stage. This micrometer was made by 
a professional maker of these instruments ; but on fitting it into the 
dust-counter, the method of illumination was found to be so powerful 
and trying, that it brought out all manner of imperfections and 
blemishes on the micrometer which were not seen with a magnify- 
Ing glass and ordinary illumination. The cross lines on the 
micrometer looked rough, with a crystalline glistening appearance, — 
and there were so many specks on its surface that working with it 
was very difficult, as few squares were free from spots, which were 
apt to be counted as drops. The makers of the micrometer were 
therefore written to about these imperfections ; their reply was that 
‘they had done their best, carefully selecting the glass, &c., and that 
they thought it would be difficult to get a better instrument.” If 
better could not be got, I felt that the value of the new arrangement 
_ would be greatly decreased. I therefore determined to attempt the 
manufacture of micrometers myself, to see what could be done. A 
piece of patent plate-glass was procured, this was cut into suitable 
sizes and very carefully examined with a strong lens, while it was 
illuminated by means of a spot-mirror. After finding a fairly good 
piece in the glass, any specks which were on its surface were tested 
with a pointed piece of soft wood, and if they were not found to be 
removable, the part was rejected and the search continued. In this 
way a few pieces were obtained large enough for the purpose, and 
perfectly free from specks. These perfect pieces were marked off 
on the glass, cut out, and fine cross lines at one millimetre apart 
were engraved on their surfaces; after which they were turned 
into little circular discs of the cashed diameter. 
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Two methods of engraving these lines have been tried, and both 
of them give much better lines for the purpose than is obtained by 
the usual method of engraving micrometers. One method is to 
cover the glass with beeswax, and draw the lines with a fine 
needle point, and then etch with hydrofluoric acid. The lines 
obtained by the use of ordinary hydrofluoric acid are not very 
suitable, as they require to be of some breadth before they are — 
visible with the spot-mirror illumination, and they then show as 
bright glistening lines. The mixture known as “ white acid,” how- | 
ever, gives a fine line with just that degree of white visibility which 
makes them appear clear without glancing and distracting the 
attention. In this manner the micrometer which is at present in 
use was prepared, and it has been found in every way satisfactory. 
The vapour of hydrofluoric acid also gives good results. In etching 
these lines, trial must be made with the acid and a piece of the 

same glass to find the correct time the micrometer requires to be kept 
In the acid to etch to the required depth, the trial pieces being 
tested under the spot-mirror illumination.. The difficulty of draw- 
ing these lines with a diamond is, that when they are made strong 
enough to be easily seen, they have always bright spots on them, — 

It will be observed from the drawing that these micrometers or. 
counting stages are made of thick class. The object of this is to 
prevent any speck, or anything adhering to the under side of the 
glass, interfering with the clearness of the field. The thickness of 
the glass puts them so much out of focus that they do little harm. 
There is then, therefore, no real barrier to the use of these micro- 
meters, only the glass must be selected when under the illumination 
of a spot-mirror. It may be remarked here that the spot-mirror may 
be found useful for other purposes. It gives us a powerful means of 
detecting flaws in lenses, &c. The surface of a new lens when 
examined by means of it looks so full of imperfections that it seems 
scarcely possible it can give a perfect image, while the imperfec- 
tions must give rise to the dispersion of a good deal of light. 

The other method of engraving the lines on the glass, which has 
been tried and found to give good results, is to cover the glass with 
very fine emery powder, wetted with turpentine, and scratch the 
lines with a needle point; or better, to tip the needle with a 
little diamond bort. The fineness of these lines can be made 
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all that is desired, and there is little trouble from the needle 
blunting under the operation. In ruling these lines, it is, of course, 

necessary to keep the pressure on the needle constant, and to make | 
the same number of strokes across the glass for each line, 1 in order 
that the lines may be equally thick. 

The pocket instrument has been occasionally in use during the 
whole of this summer, first with a silver stage and then with a 
glass one, and has been working quite satisfactorily, and giving 
results agreeing with those of the larger instrument. The instru- 
ment appears to be now so simple, it can be easily worked by 
any one. So far as can be seen at present, the weakest point in 
the instrument now, and the only one likely to cause trouble, is the © 
piston packing. If the piston is not tight, correct work cannot be 
done. Fortunately, the conditions of testing make it impossible, 
with ordinary care, to make a test with a badly-fitting piston ; 
because it would be impossible with it to thoroughly purify the 
air in the receiver. When air leaks in past the piston, nuclei are 
admitted, and these prevent the showers in the receiver ceasing 
completely. If the piston leaks a little, at each stroke of the pump, 
though no air has been admitted by the stopcock, a few drops will 
be seen falling, and call the attention of the observer to the 
imperfection. 

To reduce the trouble from this cause as much as possible, I have 
introduced the spring ring already referred to, under the leather 
cup packing, and so far this has worked well; the piston has given 
no trouble since its introduction. One objection to the cup leather 
packing is, that if it gets out of order the repair of it might not be 
within the powers of the observer. To obviate this objection, the 
arrangement shown in fig. 5 has been designed, tried, and found 
satisfactory. It consists simply of the substitution of a plunger- — 
pump for a piston one. The advantage of the plunger is, that any 
one can easily pack the stuffing-box, and some kind of material for 
doing it can always be obtained. In appearance, the plunger-pump 
is not so compact as the piston one, on account of the diameter of 
the stuffing-box requiring the guide-tube to be made of much 
greater diameter. Yet this is little disadvantage so far as compact- 
ness for packing is concerned, as the pump-barrel can be slipped 
inside the guide-tube, when unscrewed for packing in its case. 
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It may be asked—Does this simple instrument displace the more 
complicated earlier forms of the apparatus? Have the earlier 
forms been unnecessarily complicated? The answer to this is—That 
the pocket instrument is designed for special work, and only for 
that work ; while the earlier forms are still necessary, and can do 
work in conditions in which the pocket instrument would be use- 
less. The large instrument fitted up in the Ben Nevis Observatory, 
with its arrangement of circulating pipes, aspirator, and artificial 

— illumination, is still the best form for a first-class observatory, where 
observations have to be made in all ;weathers, and during night as 
well as day. The Portable instrument is still necessary when we 

wish to test locally poluted air, such as that near human inhabita- 
tions, that is for sanitary work; while the use of the Pocket 

- Instrument is confined to suihacinlastial work in the open air, 
and its advantages are simplicity and lightness. 

It may be remarked here that the Pocket instrument may be used 
to give a rough indication of the impurity of polluted air. The manner | 
of using it for this purpose is as follows :—First, turn the stopcock K. 
a quarter turn to the left, and draw down the piston. This takes 
the impure air into the cylinder. The whole of this air is then 
discharged by pushing the piston to the top of its stroke. By these 
movements nearly, but not quite, all the impure air is expelled from 
the cylinder. The small passage between the stopcock and the 
piston is still full of impure air. Immediately on pushing the 
piston to the top of its stroke, the stopcock is returned to its 
original position; the piston is then drawn down, and at once 
returned to its top position. By these movements we have taken 
some of the pure air out of the receiver and mixed it with the small 
amount of impure air in the pump passage, and the return stroke 
has sent the mixture into the receiver, where after being stirred, a 
shower is produced, and the drops counted. 

This cannot give a very accurate result, as some of the 
particles must be lost when the air is drawn in from the receiver to 
mix with the impure air in the pump passage. This loss, however, 

does not seem to be great, owing probably to the higher temperature 

" of the pump-barrel, from contact with the hands, preventing con- 

densation. Owing to the possibility of some air being left between 
the top of the piston and the cylinder, it would be difficult to 
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gauge by measurement the capacity of the space not emptied, when 
the piston of the pump is returned, to enable us to make the 
necessary calculations to find the number of particles. Perhaps the 
best way of gauging would be to test air which gave, say, five drops 
per square millimetre, when using =*, of impure air, and working in 
the usual way. Then test this same air and see how many it gave 


_ when using the contents of the small space above the piston. 


Perhaps it might give one drop per four square millimetres. If a series 
of tests give these figures as the average number, we would know that 


_ the capacity of the space was of the measure, or the of 
_ that of the receiver. So that whatever number we observed in the 


air of the receiver when working in this manner would require to 
be multiplied by 1000 to get the number in the air tested. 
The instrument is so constructed, that when the different parts — 
are unscrewed they fit into a case 4% inches by 24 inches by 14 
inches deep, or little larger than a well-filled ciyar-case, The 
weight of the instrument, without the case, is a little under 8 02. 


On the Action of Metallic (and other) Salts on 
Carbonate of Lime. By Robert Irvine, F.C.S., and 
Anderson. | 

| (Read January 9, 1891. ) 


It is well known that pseudomorphic changes take place with 
many minerals. These changes _may be either by alteration or 
displacement. In the case of carbonate of lime they are ‘e generally 
of the former order. ! 

Among other work conducted at the Marine Station, Granton, 
during the past year, a number of experiments were instituted with 
the view of showing how far carbonate of lime was influenced in 
this direction by metallic and other salts. 

Corals, preferably the more porous and soft varieties, were 
selected for this purpose, and these were exposed to the action of 
solutions of the following salts :—Chloride of manganese, sulphate 
of iron, chloride of zine, chloride of chromium, nitrate of nickel, 


nitrate of cobalt, nitrate of copper, nitrate of lead, chloride of — 


mercury, chloride of tin, nitrate of silver, phosphate of ammonia, 
In many cases the action was very slow, especially in the case of 
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the salts of nickel and cobalt. On the other hand, with salts of 
copper and manganese, the action was sufficiently rapid so as to 
make a material difference, within a few weeks, in the composition 
of the coral exposed to their action. 

In most cases there is a direct interchange between the lime (of 
the carbonate of lime) and the oxide % the metal which takes its 
place. ‘Thus we have :— | 


1. With a copper salt, in seven months, 26-4 per cent. of carbonate 


of copper taking the place of an equivalent amount of. car-— 


bonate of lime. 
. With chloride of manganese, in twelve months, 58° ns per cent. 
of carbonate of manganese. 


3, With salts of iron practically the whole coral is -altered—first, 


into carbonate, and ultimately, on — to air, into 
sesquioxide of iron. 


4. With salts of zinc, 26°8 per cent. of beeiae of zinc had | 


formed in six months. | 

5. With phosphate of ammonia the transference was between the 
carbonic acid of the coral and the ammonia of the salt. The 
lime having combined with the phosphoric acid to an extent 
equal to 60 per cent. of phosphate of lime. 


Without doubt, phosphate of lime deposits, especially those 
- found on old coral islands, have had their origin in this manner, 
the phosphoric acid being derived from the excreta of wild fowl, 
deposited upon dead coral or carbonate of lime, the amount of 
pseudomorphic change being in accordance with the quantity of 
guano deposited. Of course, transference between carbonate of 
- lime and alkaline phosphates can only take place in the presence of 
water, so that we have no such pseudomorphs where the climate 


is rainless; there the guano remains as deposited, whilst these 


deposits in rainy zones always assume the form of insoluble phos- 
phate of lime. 
_ Carbonate of lime, with silver and mercury salts, seems to throw 
down oxides, not carbonates. But the compounds with nickel and 
cobalt we have, as yet, been unable to determine. 

With a true pseudomorph, the structural form of the carbonate 
of lime, be it in the shape of coral, shells, or calcite, remains 
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unchanged ; when, however, an oxide is produced, as in the case 
with tin and mercury salts, it forms merely a superficial coating. 
From the results of numerous experiments, which it is unneces- 
sary to record here, we have good grounds for assuming that 
carbonate of lime, either in a massive or comminuted condition, or 
in solution, carries out the most important function of withdrawing 
metallic and other bodies from sea-water, which may be said to hold 
(often in minute amount) almost every elementary substance in 
solution, and fixing these in a concentrated condition. | 
The geological significance attaching to this property of carbonate 


of lime is apparent, as, without question, many metallic ores owe 
their origin to this source. 


Manganese Deposits in Marine Muds. By Robert Irvine, 
#.C.S., and John Gibson, Ph.D. | 
(Read January 9, 1891.) 


Two theories have been put forward in order to explain the | 
formation of manganese deposits in marine muds, and more 
particularly with regard to manganese nodules: one by Murray, 
in a paper read before this Society in 1876, the other by Buchanan 
in 1888. Murray assumes the gradual oxidation of carbonate of 
manganese resulting ultimately in the formation of hydrated . 
peroxide of manganese. Buchanan first propounded his theory in 


1880, and subsequently, in a paper read benere this Society in ; 
December 1890, argues as follows :— | 


‘The principal agent in the comminution of the mineral matter 
found at the bottom of both deep and shallow seas and oceans is 
the ground fauna of the sea, which depends for its subsistence on 
the organic matter which it can extract from the mud. | | 

“Tn order to fit them for collecting their nutriment in this way, 
the animals have been fitted with different forms of masticating or 
milling apparatus, so as to thoroughly deal with the matter which 
they pass through their bodies. It has been shown that most . 
silicates are decomposed to a certain extent when ground or pul- 
verised under water; so that the mere mastication of the sand or 
mud in presence of pure water would have a decomposing action on 
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the silicates which it contains. This action is much assisted, in the 
case of marine animals, by the fact that the water which they pass 
through their bodies along with the sand is charged with sulphates. 
These are easily reduced to sulphides by the action of the organic 
matter of the secretions of the animals. The resulting sulphide at 
once suffers double decomposition with any oxide of iron or 
manganese which is present as such in the mud, or may be being 
set at liberty from silicates under the decomposing influence of 
trituration under water. The sulphides of manganese and iron so | 
formed are, in course of nature, extruded by the animals, and if 
exposed to the sea-water on the surface of the mud are quickly 
oxidised, the manganese taking priority. The mud below the 
surface layer, where ground life is abundant, remains blue, being 
protected by the oxidation of what is above it. es 
“ At the bottom of the ocean the mineral matter is thus exposed to 
a reducing process due to the life of the animals which inhabit it, 
and to an oxidising process due to the oxygen dissolved in the 
e water. Other things being equal, the redness or blueness of a mud 
or clay depends on the relative activity of these processes. They 
also require a controlling or modifying influence on one another. | 
For, although marine animals are much less sensitive to variations 
in the amount of oxygen in their atmosphere than terrestrial 
animals, it is certain that there must be a limit to the deficiency of 
oxygen which each animal can support; and when this limit is 
) approached, its reducing activity is diminished, or it may be 
extinguished. The water in the course of circulation is being 
| continually renewed, and, meeting with a diminished amount of 
freshly-reduced matter, it is able to push the oxidation of the mud 


deep parts of the ocean the amount of ground life may be so limited 
| that the water has no difficulty in oxidising at once its ejecta; and 
) these conditions would be favourable to the formation of a red 
clay or chocolate mud, according to the preponderance of iron or 
manganese, ” | 


| In a word, that the animals passing sand or mud through their i 
| bodies with sea-water tend to reduce the sulphates present in the 
sea-water, and the alkaline sulphides so formed cause the formation 


~ 


toa greater depth. It is easily conceivable that in many of the 
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of sulphides of iron and manganese, which, on subsequent exposure — 
to sea-water containing oxygen, are quickly oxidised—the manganese 
taking priority. 

It is obvious that any conclusion as to the relative correctness of 
these two theories cannot be arrived at solely by chemical con- 
siderations, but must depend largely upon such questions as the 
relative abundance and distribution of animal life upon the sea- — 
floor ; and, further, upon the physical structure of the deposits. 

In this paper we propose to confine ourselves chiefly to the 
_ chemical aspect of the subject, and more particularly to certain 


reactions of manganese, which we believe to have a very direct 
bearing upon it. 


A. oF HYDRATED PROTOXIDE OF MANGANESE. 


If freshly-precipitated hydrated protoxide of manganese be added 
to sea-water, it is pretty freely dissolved, and if the sea-water be in 
large excess, the manganese remains in solutions for a very con- 
siderable time. If, however, more hydrated protoxide of manganese ~ 
be added than is sufficient to form carbonate of manganese with the 
carbonic acid in the sea-water, the excess of manganese is pre- 
cipitated, after a comparatively short period, as hydrated oxide of 


manganese (more or less completely peroxidised), provided the 
water is sufficiently zrated. | 


B.—BEHAVIOUR OF CARBONATE OF MANGANESE, 


Carbonate of manganese, when freshly precipitated and amor- 
phous, dissolves in sea-water in notable quantity, but is very 
sparingly soluble in the crystalline form. Further, when carbonate 
of manganese is dissolved in sea-water, it remains in solution. Such 
solutions do not give rise to any rapid production of peroxide of 
manganese. This is in accordance with what has been hitherto 
ascertained concerning the behaviour of carbonate of manganese, 
which, as has been shown by Bischoff and others, is very slowly 
oxidised under ordinary circumstances. A. Gorgeu (Comptes 
Rendus, cviii. 1006-1009) states “that native manganese car- 
bonate or diallogite is very stable, and remains unaltered after 
contact. with zrated water for three years. Precipitated manganese 


1890-91.] Mr Irvine and Dr Gibson on Manganese Deposits. 57 


carbonate, which has become crystalline, remains in contact with 
erated water, at an ordinary temperature, without any peroxide. If 
the precipitated carbonate remains in contact with erated water 
for ten years about one-third is decomposed, and the product has 
the composition MnO,MnO,. Two specimens, containing respec- 
tively eighty and seventy per cent. of manganese carbonate, were 
exposed to air in the dry state for eight years. In the first case 
thirty-three per cent., and in the second fourteen per cent., of 
manganese carbonate remained—the rest being converted into “the 
oxide MnO,MnO,.” Other observers have found that under certain 
conditions, and notably in presence of carbonate of lime, peroxida- 
tion takes place, although very slowly. This is in accordance with 
‘our own experience. Some eighteen months ago, in connection 
with Irvine and Anderson’s investigation on the action of metallic 
salts on carbonate of lime,* some pieces of coral and chalk were 
placed in a weak solution of chloride of manganese in sea-water. 
Interchange has taken place, and fully fifty per cent. of the 
calcium has been replaced by the manganese. The outer portion 
7 _ of the coral is blackened, owing to the peroxidation of the carbonate, 


and the bottle in which the coral was placed has become covered 
with a film of peroxide of manganese. There is also a distinct 
precipitation of peroxide in the liquid. 


C.—BEuAVIOUR OF SULPHIDE OF MANGANESE. 


Precipitated sulphide of manganese in a moist condition is well 

_ known to be very unstable in presence of oxygen or air, and rapidly. 
becomes brown owing to peroxidation. It also behaves like an 
alkaline sulphide towards certain metallic salts, and even gives up | 
its sulphur to ferric hydrate, as was found by Buchanan (see his 
i paper read before this Society, December 1890). In the presence, 
however, of carbonic acid sulphide of manganese is quickly and 
) completely decomposed—sulphuretted hydrogen being given off and 
\ carbonate of manganese formed. This decomposition of sulphide of 
manganese takes place even when the carbonic acid is loosely 
combined, as in solution of bicarbonate of lime or manganese. 
Further, in the presence of carbonate of lime and oxygenated sea- 


* Proc. Roy. Soc. Edin., vol, xvi., p. 319. 
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water, sulphide of manganese is not peroxidised, carbonate of 


“manganese and sulphate of lime being formed. This is shown by 
the following experiment :—Equivalent proportions of sulphide of 
manganese and precipitated carbonate of lime were added to sea- 
water, and a current of air was passed through the mixture for 
twelve hours. The mixture did not become brown, and when 
examined it was found that the whole of the manganese had 


been converted into carbonate, and the lime into sulphate. A 


similar quantity of sulphide of manganese to that used in the above 

experiment was mixed with distilled water and exposed to the 
action of a current of air for a like period. It became brown, and 
instead of giving off sulphuretted hydrogen on addition of hydro- 
chloric acid, chlorine was evolved, so that the decomposition of the 
sulphide by oxidation was in this case evidently complete. 


We find, further, that when sulphide of manganese is added to 
‘sea-water, in quantity not more than sufficient to form carbonate of © 


manganese with all the carbonic acid present in the sea-water, the 


sulphide is completely decomposed, sulphuretted hydrogen liberated, 
and the manganese dissolved. 


These facts appeared to us to be incompatible with the theory of | 
the formation of manganese deposits propounded by Buchanan, 


which hitherto had appeared to us to offer a very plausible and 
probable explanation of many of the points connected with aa 
curious formations. | 

In this change of view we were confirmed by the following 
experiment :— 
A mixture of ferrous and manganous carbonates was added to 
sea-water along with a quantity of decomposing mussel flesh, and 


the whole mass allowed to decompose, air being excluded. After — 


four or five days the contents of the vessel became black, and 
sulphuretted hydrogen was freely evolved. Air was then blown for 
twelve hours through a portion of the mixture, which was then 


filtered and carefully washed. The residue left in the filter was 


then examined for manganese, which was found to be entirely 
absent. Another portion of the decomposing mixture was examined 
for sulphide of iron. The whole of the iron which had been added 
as carbonate was found in the form of sulphide. 


| 
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From the behaviour of manganese as above described, we have 
come to the conclusion that the formation of sulphide of manganese 
cannot be a result of the animal life, or the decomposition of animal 
matter at the sea-bottom, as supposed by Buchanan; inasmuch as 
sea-water containing excess of carbonic acid must be always present. 
Buchanan does not give any evidence whatever to show that . 
sulphide of manganese is formed, but appears to rely upon the 
supposed analogy in the behaviour of iron and manganese. Under 
conditions such as those referred to by him, sulphide of iron is 
necessarily formed. Unlike sulphide of manganese, sulphide of 
iron is readily formed in the presence of sea-water, whether mixed 
- with carbonate of lime or not, and solutions of carbonic acid or 
bicarbonates do not decompose it or prevent its formation. 


Thus in all cases where, through the life processes of animals, 
sulphide of iron is formed as a result of the reduction of sulphates, 
the excess of carbonic acid necessarily formed at the same time 
must prevent the formation of sulphide of manganese. 

This holds equally in the case of the decomposition of the dead 

bodies of animals at the sea-bottom. 


On a Difference between the Diurnal Barometric Curves 
; at Greenwich and at Kew. By Alexander Buchan, 
LL.D. 3 | 


(Read June 16, 1890.) 


In the “Challenger” Report on atmospherical circulation, the 
diurnal barometric curves at Gries and Klagenfurt in the Tyrol, and 
at Cordova ix the Argentine Republic, are specially examined. 
The most noticeable feature of these daily barometric oscillations 
is their very large amounts, those at Gries, for example, though in 
} ~ lat. 46° 30’ N., being quite tropical in amount ; and the singular ~ 
| circumstance is that in no season does the morning minimum fall so 
low as the daily mean. Gries, Klagenfurt, and Cordova are each 
situated in a deep valley. In such situations, during night, the 
whole surface of the region is cooled by radiation below the air 
above it, and the air in immediate contact with the ground becoming 


i 
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also cooled, a system of descending air-currents sets in over the 
whole face of the country bounding the deep valley. The direction 
and velocity of these descending currents are modified by the 


irregularities of the ground, and, like currents of water, they con- 


verge in the bottom of the valleys, which they fill to a considerable 
height with the cold air they bring down from the sides of the 
mountains, This cold and relatively dense air rises above the 
barometers which happen to be down in the valley, with the result 
that a higher mean pressure is maintained during the night. In 
summer, when the daily range of temperature reaches the maximum, 
the pressure during the coldest time of the night is maintained 
0-040 inch higher at Gries than it is in open situations in that part 
of Europe. On the other hand, during the day these deep valleys 


become highly heated by the sun, and a strong ascending current 


of air is thereby formed, under which pressure falls unusually low. 
Thus, while at Vienna the afternoon minimum falls 0°026 inch 
below the daily mean, at Gries the amount of the fall is 0-058 inch, 
and at Cordova 0:061 inch. | 

The general result is, that in these deep valleys atmospheric pres: 
sure stands much higher during the night and falls much lower 
during the day than is elsewhere the case. The amounts increase 
in proportion to the daily range of temperature ; or, strictly speaking, 
to the amounts the temperature falls below the daily mean during 
the night, and rises above it during the day. The object of this 


paper is to show that the same rule holds in comparatively shallow 


valleys such as that of the Thames. 


Mr Francis C. Bayard has calculated, for the five years 1876-80, 


the diurnal range of barometric pressure for nine stations in the 
British Islands, including the two Observatories at. Greenwich and 


Kew. The. paper has recently been published by the Meteoro- 


logical Council, in which the Tables give the diurnal range to 
the ten-thousandths of an inch. The diurnal range for these two 


places, which are only seven miles apart, being for the same five years, 


are therefore strictly comparable, and the fourth decimal renders 
_ possible a more exact comparison of the results. 

The following are the departures from the daily means at Green- 
wich and Kew for June, from 9 a.m. to Noon, in ten-thousandths 
of an inch :— | | 


| 


§ 
| 
| 
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| Greenwich. Kew. Difference. 
7 AM. +59 : +79 20 
Ss +85 +99 14 
+87 0 
+91 +67. — 24 
+ 67 +45 — 22 
NOON. | — 24 


This comparison has been made for the whole year, and the differ- 
ences are entered in their places in the accompanying Table, where 
the minus sign indicates that, at the hour specified, Kew was that 
amount relatively lower with respect to its daily mean than Green- 
wich was with respect to its daily mean, and the plus sign that it 
was relatively higher. 

A longer period of comparison between these two barometers than 
five years will doubtless give still smoother curves than the Table 
indicates. Meantime, it is very evident that the ordinary diurnal 
barometric curve at Kew has superimposed on it a strongly marked 
| curve, due to the relatively low position of the Observatory inthe 
| | valley of the Thames. 


zon showing Comparison of Kew and Greenwich Barometers 
in Ten-thousandths of an Inch. | 


Jan. | Feb. | Mar.| Apr. | May |June | July | Aug.! Sept.) Oct. | Nov.| Dec. | Year. 
| 

JAM. - 2 0; + 5) +28/4+17) + 9) - 2} - 5) - 2} 4+ 6 

1/+ +13] +26 | +24] +14) + 3] - 7/+ 8] +10 

3 5 + 2) - 5) + 3/ +11| +25) +19) - 7| -12 +8 

4 ,, + 2} 9)+ 5! + 9| 424! +21) +30; +13; - -11) + 8 

~ 5| -13| - 3) 1] +17} +26] +23] + 8|+ 7| - 6] -14) + 5] 

- 7| -13| - 3) + 7| +22] +29) +28) +21) +14) - 1} - 3} 411 

- 5 0} +22] +20] +24) +15)/+11) - 1] 3) - 5) +5 

- 8) — 1} +15) + + 3/ +10 1} +8 

-15/}+11/+ 3) - 3|+ 6 Ol+ 6] 13) +1 
1)/+ -10} - 8} - 5) - - 8|+ 4) - 4 
Noon +12}+ 3] - 9| -24| - 7/+ 3) - 3) - 4; - 8| - 6] 
1 P.M. + 6/+ 5| - -17| -16| - 1} - 3! - 2) - 7 
—15| -27| -—36| -—45| -38| -—36| -27| -17} - 9} -25 

-17| 7| -12| -33| -22} -—25; -11| -12| -18 

-15| 9] -15| -21| -36| -29| - - 8| 4) -20 
-17|- 7) - 9, -19} -—23| -35| -17} -11| -12| -19 
6 ,, + 1} 5| -24| -25| -17| - 7| - 2} - 1) -12 

+ 3] -— 3; +16| 2) -16} -17| - 5; - 4 

+17 | +11) + +23/+14/+ 8] - 1} 2} - 8} 4+19}/+ 8 
j +17 | +11] +11) +23) +15] + 6) + 3] - 3] 5] +10] +22; + 9 
+18} + +11 | +27 | +25) +10) + 9) + 8) +11] + 5} +15] +17) +12 
11 +12) + + 5| +21] +10| +13] +10] - 1); - 4+ 8 
MIDNIGHT. + 2) + 7/412) + +15! +16) + + 2} +138; +11} +16 + 9 


< 
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Barographic Record in the Vicinity of a Tornado. By 


John Anderson. Communicated by Dr Bucuan. (With 


a Plate.) 
(Read June 2, 1890.) 


The fluctuation shown by the barographic record occurred imme- 
diately after 6 p.m., at the time of the passage of the tornado of 
Thursday, March 27, 1890, near Owensboro, Davies County, 
Kentucky. The distance of the barograph from the nearest point 
of the tornado can be approximated by the evidences of damage 
the tornado left, and did not exceed a mile and a quarter or a mile 
and a half. At this distance to the south-east of Owensboro there 
is a ridge 150 or 200 feet high, and a larze brick house on top was 


unroofed and partially demolished. This is the first evidence of _ 
destruction in the vicinity of Owensboro, but previous to this the 


noise of the approaching tornado was plainly audible to persons on 
the streets of the town. Until reaching the ridge above mentioned, 


the tornado appears to have passed in the air, accompanied by a 


roaring sound, without doing any damage in its passage. From a 
point about twelve miles to the south-west a tornado passed over 
the latter city two hours later. The rate of progress of the cyclonic 
area of low pressure, as shown by the signal service map, was forty 
miles an hour. On the same day a parallel tornado passed about 


thirty miles to the south of Owensboro, near south Carrolton. 
There was none to the northwards. | 


The sudden dip in the barometric curve at 6 P.M. of March 27th | 


is shown on the accompanying Plate. Though the centre of the 
tornado was from a mile and a quarter to a mile and a half distant, 
yet the barometer fell suddenly about the tenth of an .inch, and 


immediately thereafter rose as suddenly to a point nearly two- 


hundredths of an inch higher than the point from which it fell. 
This observation, which is new to science, gives the explanation 


of the wrecking of buildings by tornados as by an explosive force 


within the buildings. The sudden lowering of the pressure outside, 
which must greatly exceed the tenth of an inch near the centre of 


the tornado, is amply sufficient to account for the fearful energy 
developed in these tempests. 
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Note on Potassium Persulphate, 
By Hugh Marshall, D.Sc. _ 


(Read February 16, 1891.) 


Persulphuric anhydride and the corresponding acid have been 
known for some time. Berthelot obtained the former by subjecting 
a mixture of sulphurous anhydride and oxygen to the efluve électrique 
(as in the preparation of ozone), and a mixture of the latter with 
sulphuric acid, by adding the anhydride to water. He also pre- 
pared a similar mixture by the electrolysis of sulphuric acid solu- 
tion in a cell where the electrodes were separated by a porous pot. 
Both substances he found to be very easily decomposed, spon- 
taneously evolving oxygen. Up till now, however, the correspond- 
ing salts have not been prepared. In fact, Mendeléef, while 
commenting on Berthelot’s results, expresses the opinion that per- 
sulphuric anhydride is not a true acid-forming oxide, but a peroxide. 
similar to those of the metals barium, lead, &c., and that Berthelot’s 
persulphuric acid is analogous to peroxide of hydrogen. Recently, 
however, I have obtained the potassium salt, and have since 
succeeded in preparing it in quantity. | 
_ While oxidising a solution of cobaltous sulphate in presence of 

potassium sulphate and sulphuric acid, by electrolysing it in a 
divided cell, as in Berthelot’s experiment, I obtained a quantity of 
white feathery crystals. These were filtered off, washed with cold 

water, and dried on porous plate over sulphuric acid. The sub- 
_ stance was found to possess powerful oxidising properties. When 
heated it fused and soon decomposed, evolving acid fumes and 
leaving a white residue which proved to be potassium sulphate. A 
solution of the substance gave only a faint precipitate with barium — 
chloride solution, but on boiling a dense precipitate of barium 
sulphate separated gradually while chlorine was simultaneously 
evolved. These properties seemed to point to the salt being a per- 
sulphate, and analysis confirmed this opinion. 

A known quantity was ignited and the resulting sulphate of 
potassium weighed. The residue amounted to 64:2 per cent. of the 
original, For potassium persulphate theory requires 64°4. The 


64 Proceedings of Royal Society of Edinburgh. [ sss. 


oxidising power was estimated by titration with ferrous sulphate 
and potassium permanganate. The extra oxygen thus found was 
5:92 per cent. (equal to 35°5 of mp. Theory requires 5°93 (35: 6 
of SO,). 

I have since prepared a considerable quantity of the salt by 
electrolysing a solution of potassium hydrogen sulphate in a 
divided cell. After some hours the persulphate crystallises out 
from the liquid surrounding the anode. 

Potassium persulphate dissolves fairly readily in water at the 
ordinary temperature, easily in hot water. If the solution be 
boiled, especially if it is acid, decomposition with evolution of 
oxygen occurs. By solution in warm water, and cooling, the salt 
can be recrystallised in prisms resembling those of potassium per- 
- manganate, with which the persulphate is evidently isomorphous. 

Dr James Walker has kindly determined the electric conductivity 
of the solution, and his results show that the formula is KSO,, the 
solution behaving in a manner comparable to one of potassium 
perchlorate (which is also isomorphous with the permanganate). 

- The solution of the pure salt is neutral to litmus, and appears to 
be stable at ordinary temperatures. It gives no precipitate with 
solution of barium salt. With silver nitrate it gives no immediate | 
precipitate, but what appears to be silver peroxide separates out on 
standing. When mixed with potassium iodide solution, iodine is 
liberated only gradually, but more quickly on heating. The solu- 
tion is not decomposed by peroxide of hydrogen. It is attacked by — 
ferrous sulphate in the cold, ferric and potassium sulphates being | 
_ produced. If some of the solid substance be added to a small 
quantity of strong ferrous sulphate solution, as the salt dissolves 
the green colour changes to brown, and the liquid becomes warm. 

_ When the solid is gently warmed with strong nitric or sulphuric. 
acid, oxygen highly charged with ozone is evolved. sparoephoric 
acid gives chlorine. 

The properties of the salt have been as yet but superficially 
examined, and no attempt has been made to prepare other persul- 
phates. I am, however, engaged in a fuller investigation of the 
subject, and also in examining the behaviour of salts of other acids 
- when electrolysed in a divided cell. ae 
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On the Soaring of Birds: being a Communication from 
Mr R. E. Frovupe in continuation of the Extract from a Letter 
by the late Mr Frovupe to Sir THOMSON, 
published in these ‘* Proceedings,” March 19, 1888. 


(Read January 5, 1891.) 


The object of the present communication is to give the purport of 
the remainder of the letter referred to in the title, as well as that of 
other letters bearing on the same subject written by the late Mr 
Froude shortly afterwards, which were not at hand at the time the 
extract referred to was printed. 

In the extract already printed, Mr Fr oude cone the view 

that the continued “ soaring ” (or “ sailing flight,” as it has also been 
called) of birds only took place where there was an ascending © 
current of air of sufficient speed. And he noticed as an apparent 
exception, which he had observed one day on the passage to the 
Cape on board H.M.S. “ Boadicea,” that in a very light wind some 
albatrosses were seen soaring (manifestly without wing stroke) 
“ almost ad libitum,” where there could not possibly be any ascend-. 
ing current due to deflection of wind by the ship. He suggested 
as a possible explanation, and one which to all appearance fairly 
accorded with the birds’ visible movements, that they were availing 
themselves of the ascending stratum of air which must have 
extended above the advancing slope of each wave of the well- 
marked ground-swell which was running. From the dimensions of 
this, the maximum upward speed of such air r current was estimated : 
at about 3 feet per second. 

Thus far the extract already printed. In the original letter there | 
followed a mathematical investigation to determine whether this up- 

ward air current of 3 feet per second could suffice for the supposed 
effect. This I now paraphrase and somewhat abbreviate as follows :— 

Suppose a bird soaring with constant speed and direction in still, 
or uniformly moving, air; and let | | 


a =the angle (taken downwards from horizontal, in a fore and 
aft vertical plane) of the wing surface ; and, 
a+o=that (similarly taken) of the direction of motion through 
the air. Hence, | 
o =the angle of the wing surface with the line of motion. 
VOL, XVIII, E 
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The nett force acting upon the bird, owing to its motion through 
the air, should be treated as consisting of two elements, viz. (1) 
the normal force on the wings due to their obliquity o to the line 
of motion, (2) the resistance due to the air friction on the wing 
surfaces and body. Taking, then, 


A = total wing surface (one side) ; sq. ft. 
rA = total surface area as reckoned for computing resistance; do. 
V =speed through the air ; ft. per. sec. 
_ These two elements of force may be expressed thus— 
Normal force (lbs.) = PAV?c,, 
Resistance (do.)=FrAV?, 


[where P and F are constants appropriate to the resisting medium, 
in this case air]. . 

The strict condition of equilibrium for constant speed and direc- 
tion is that the resultant of these forces should be vertical, and 


equal to the weight of the bird. Seeing that the values for a and 


o with which we have to deal are small, this condition is defined 
with sufficient approximation for our purpose by the equations— 


FrAV? 


Wa=FrAV?; whencea=——; (1) 


W ‘ 
W = weight bird in lbs. ]. 

In order that the soaring may take place without the bird losing 
level, the air must have an upward motion (or upward component 
of motion), the speed of which (with a similar approximation) may 
be expressed as— 

=V(at+c), 

FrAV? 


By equation (1), the speed V depends on the wing angle a, which 
_ the bird may regulate at his pleasure; and we will assume that he 


thus assigns such value to V (=say V,) as gives minimum value to. 


V(a+o). By differentiating equation (3), this value is determined 
as--— 


| 
| 
4 
i 
j 
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_ whence, by substituting in (1), (2), and (3), we get for the corre- 


sponding values of a, o, =say &c., as follows :— 


4a,) = 7 


Even without putting numerical values to the symbols, we may at 
once note some interesting conclusions which follow from the struc- 
ture of these equation. 

(1) The angle values a,, o,, and (a,+0,), bear a constant ratio to 
one another, independent of the values assigned to F, P, 7, A, or W. 


(2) These absolute angle values depend solely on ha , (in which 


F and P are constant for a given medium, and 7 dependent only on 


the proportions of the bird), and are independent of hid , or weight 


per square foot of wing area. 


(3) Hence, zi influences the value of Viloy - o,) only as influ- 


encing the speed. 


(4) In imilariy proportioned birds of different since since = 


(or weight per square foot wing area) varies as dimension, V (a, +03) 
varies as square root of dimension. 


This expression, V,(a,+0,), besides indicating the minimum - 
speed of ascending air current necessary for soaring or quiescent 
flight, without loss of level, furnishes also a presumable measure of 


the minimum effort needed to sustain active flight in still air with- 


out loss of level. For in maintaining his level by active flight, the 


bird must be supplying at least the work theoretically equivalent to 
lifting his own weight at the rate at which he would quiescently 


| 

| 


values which he thought might be conceivably —* Pa. 
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descend. And the work which can be done per time-unit by 


animals, when taxing their strength in given degree, is said, I be- 
lieve, to bear in general a fairly constant proportion to their total 
weight ; in other words, to be an approximate constant when stated 
in the form of the equivalent speed of lift of their own weight. 

Hence conclusion (4) above is in accordance with the fact that 
the larger flying birds are comparatively few, and that the largest 
birds do not fly at all. 

The value of this supposed approximate constant, viz., the speed 
at which animals in general are capable of continuously lifting their 
own weight for a long time at a stretch, if estimated from the reputed 
“ horse-power ” (or equally from the reputed man-power), would be 


- about 30 ft. per minute, or ‘5 ft. per second. If, then, the same 
relative power-capacity may be assigned to birds as we have estimated — 


for the average animal, we might have concluded at the outset, and 
without the aid of the mathematical reasoning which has been given, 


that the upward air current of 3 ft. per second ascribed to the passage 
of the waves, would suffice several times over to enable any birds to. 


soar that are able to fly in still air. 
On the other hand, equation (8) above, if onorer’ by any such 
numerical values as would be used in any ordinary mechanical 


_ problem of the kind, gives a value for V,(a,+o,) much greater than 


3 ft. per second, and we are thus confronted by a serious paradox. 
Mr Froude took for his albatrosses W=20 lbs, A=22 square 
feet (figures presumably obtained from the officers of the ship).* For 


P, F, and 7, he took (to minimise the paradox) as the most favourable 


217’ 
. ,r=1d, These values for P and F are approximately 


245,000 


the values fairly oll established for water, multiplied by the specific 


gravity of air; F not increased on the score of the greater viscosity 


of air, but P doubled on the score of advantage that might con- 


* These figures give ¥ ='91. Memoranda of Mr Froude’s include weights — 


and measurements afterwards obtained, which show much higher values. 
Recent measurements of my own of an albatross preserved in spirits at the 


Museum of Zoology, Cambridge, give hl =2°3. 
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ceivably be derived from the curvature of the win g surface ;* also 
r is taken as 1°5, instead of over 2°0 as it prima facie should be, 
on the score of eddies conceivably annulling in part the friction 
4 on the upper surfaces of the wings. These values put into 
a equation (8) give no less than 4°7 feet per second as the value for 
V,(a,+0,). Thus, apparentlyh— 
(1) The formula as interpreted by these constants requires no less 
than 4°7 ft. per second rate of descent. | 
| (2) The suggested explanation of the soaring admits of no more 


than 3 ft. per second. 

(3) The fact that birds can sustain flight in still air admits of very 
much less still, unless we can suppose that in birds the relative power 
capacity is many times greater than it is in horses and men. 

It is not my purpose here to attempt to clear up this paradox. 
Mr Froude appears to have considered the formula unimpeachable in ~ 
structure, at least as a fair approximation (and so I think it evidently 
7 is), but the constants probably in error. At any rate, he seems to 
| have treated the argument from the power capacity of animals as 
: sufficient prima facie evidence that the updraught of the advancing 

wave slopes would suffice for soaring ; because in subsequent letters 
he describes further observations made with the object of identifying .— 
: the occasions of soaring in a calm with position of the bird over the 
| advancing wave slopes. But first he had an opportunity of observ- . 
| ing soaring in a strong wind, under circumstances which appeared — 
to defy the idea that advantage was being taken of local ascending © 
j currents. . This must be described in his own words, in a letter to 
| myself dated 14th February 1879 :— : 

“But since I have been here we have had a lot of S.E. gales ; and 
though the sea surface has been like that at Torquay pierhead in a 
S.S.W. gale, and thus without any big waves, we have seen a lot of 
whale birds, as they are called, playing the skim trick in the most 
marvellous and fascinating way. 

: “The albatrosses did occasionally flap, but these birds went high 
| and went low, went fast and went slow, with the wind or against 


| * As a justification for this, Mr Froude suggests the circumstance that in 

1 the cup anemometer the circumferential speed of the cups is accounted to be 

4 the speed of the wind ; hence the relative speed of the wind facing the con- 

cave surfaces is only one-half that facing the convex surfaces, yet the wind 
presumably exerts the same force on both. | 
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the wind, now hove to close to the water, and near enough to the 
ship for the most definite scrutiny, and then going ahead and up- 
wards if they pleased, not flapping a wing once for hours, I may 


swear !—all in such a way as to be dumbfoundering, unless it be 


possible to suppose an ascending current apparently uniformly dis- 
tributed over a level ocean, and reaching to at least 50 or 60 feet 
above it, and with a rate of ascent sufficient to explain the birds’ 
behaviour. This supposition is prima facie an inadmissible one, 
for the air, if it was all ascending, would leave a vacuum over 
the water. 

“ At first I thought that the retarding action of the water friction 
(which was plainly enormous, for it was tearing the water surface 


to tatters) might explain the action by the circumstance that the 


retardation .would crumple up the lower air strata endways, and 
by thickening them, ata in effect produce an ascending motion 
in them. 

‘“‘ But in spite of the more vigorous frictional action close to the 
water surface, the ascent of the particles due to the crumpling up 
would be nil at the surface; yet the birds seemed to find the ascent 
as active there as anywhere. Still I think there is something in 
this view. 

“Two days later, however, when the gale was a good bit more 
furious, I had a better proof of what was happening, ae the 
‘how it happened’ is still a puzzle. | 

“You know how in a heavy gale the sea surface seems to drift 
like dust? Well, in this case, the air was for a long time so full 
of sea spray up to a level of 50 or 60 feet, that it looked as if a 
heavy April shower was passing, though there was a clear blue sky 
overhead, and sunshine. 


‘“‘ Now, whatever could carry spray to that height nial answer the 


birds’ purpose. To-day the birds are again about, but the wind is 


only a double reef cutter breeze, if so much; and to-day, though 
they do a good deal of skimming, they have ie to do a greet deal 
of flapping at intervals.” 


As an explanation of the ascent of the particles of spray, Mr 


Froude goes on to suggest that the frictional eddies in the air must. 


receive their most effective renewal of energy from the friction on 
their under sides nearest the water surface, and that consequently their 
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speed must be greater on the ascending side than on the descending | 


side, The particles of spray passing across and through the vortices 
must be subjected alternately to the upward and downward forces 
due to the ascending and descending speeds. True, the ascending 


streams, being thinner in proportion as their speed is greater, will | 


presumably act on the particles for a proportionately smaller share 
of the total time; but the resistance being as speed squared, the 
agoregate upward momentum imparted to the particles will never- 
theless exceed the aggregate downward momentum, ~ 

This suggestion is interesting, as a plausible explanation of the 
phenomenon of the rising spray ; at the same time I hardly think 


_ the suggested operation can favour the soaring of birds except by a 


second order quantity. For, in proportion as the bird’s speed is 
high (as I think it must be), relatively to the speed of the eddies, 


the effect of the local contrarities of the eddy speeds becomes to the 


bird one simply of small differences in angle of impact on the wings ; 


and, since the pressure on an obliquely moving plane varies simply 


as the angle (for small angles), the consequent differences in upward 
pressure would be proportional to the times for which those pres- 
sures act, so that the aggregate upward momentum and mean upward 
force would be the same as in still air. | 

I imagine that the soaring witnessed by Mr Froude on the occa- 
sion which he describes, is to be ascribed to an operation which, 


.so far as I know, was first suggested by Lord Rayleigh in a com- 


munication to Nature of 5th April 1883, viz., a utilisation by the 
birds of the difference of wind-speed at different levels. But this 


explanation evidently did not occur to Mr Froude at the time, and .. 


need make no further reference to it here. 

Mr Froude’s next letter bearing on the subject was dated 
Saldanha Bay, 24th February 1879, and in it he says:— __ 

ARs, . The voyage up from Simons Bay was delightful ; for 
it was a ini calm ; and as there was also a tolerably pronounced 


swell, especially the latter part of the way, I was able (and Tower © 


helped me) to watch the albatross’s flight in a calm, with the 
following results :—When flying high they had to flap their wings 
continuously, except when descending. When near the surface they 
‘skimmed’ occasionally, and, as far as we could distinguish, they did 
this only when traversing a region over an ascending wave slope. 
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Very often this was conspicuous. Now and then I noticed one or 


more of the birds skimming for a half-moment at a time in a position 


which must have been 80, viz., when they were hidden, or all but 
hidden, from us by a wave crest, the back or the descending side 
of which was towards the ship. As the waves were long and not 
high, it was only by keeping exactly in this position that a bird 
could remain invisible, or visible only partially and for a second or 
two at a time, as the wave varied in form a _— or as he rose > and 
- fell a little. 

“Tt also frequently happened that te, three, or four of the birds 
were flying in close company, generally in single file. When they 
were thus flying close to the water, they i ‘skimmed,’ 
and then after a few seconds began again to flap. And it was 
noticeable that they all made the change simultaneously, .... . 
implying that they had simultaneously arrived at a suitable region.” 


_ At the end of a letter on other subjects, dated 10th March 1879, — 


he says—‘ I have made quite sure that the skimming birds follow 
the ascending wave-slopes as I had surmised.” 

These remarks of Mr Froude seem to make it clear that the up- 
draught of the advancing slopes of a ground swell in a calm may 
sometimes be a cause of soaring. It certainly seems to be the only 
cause which can account for soaring in a calm or very light wind ; 
on the other hand, it is a cause which can operate only when there 
is a large swell, and when the wind is either 7: light or not in 
the direction of the swell. 

Perhaps the most interesting feature of the letters consists in the 
analysis of the theoretical conditions of flight, and the paradox which 
thence results. For this paradox has an important bearing on the 
computation of air resistances in genvral, and any information which 


may serve to throw light upon it has a correspondingly wide 
significance. 


| 


1890-91.] Dr T. Muir on some unproved Theorems. 73 


On some hitherto unproved Theorems in Determinants. 
By Thomas Muir, LL.D. 


(Read January 19, 1891.) 


Most of the theorems in question occur at the outset of a paper * 
by Professor Cayley, entitled, “Chapters on the Analytical Geometry 
of ~ Dimensions”; they constitute, in fact, Chapter I. The first 
theorem I should prefer, for the present, to enunciate as follows :— 

If m determinants of the n“ order all have the same n — 1 columns 
in common, and all vanish, then every determinant of the n™ order 
whose n columns are chosen from the m+n-1 different columns 
must vanish likewise. | 

_ Taking the case where m=3 and n=4, and where therefore we 
have 
we are required to show that the twelve other determinants of the 
4th order formed from the array 


A, As A, 
b, by bs b, 


dod & 


also vanish. To this end we note first that any two of the given 
three are connected with one of the twelve by a linear relation, in 
| virtue of which the latter vanishes when the two former simultane- 
ously vanish. If we write the first two in the shorter form |1234|, 
|1235|, the relation in question is | 


[1257] — |1235||1247| + |1237||1245)=0, (A) 


being the suffix-number of any new arbitrary column. _Inter- 
changing 2 and 3 we have also 


11324) |1357| — |1325|(1347| + {1327||1345|=0, (A’) 
and interchanging 1 and 2 in this we have 
| | 12314| |2357| — |2315||2347| + |2317||2345,=0. (A”) 


* Cambridge Mathematical Journal, vol. iv. pp. 119-127; or, Collected Math. 
Papers, vol. i. pp. 55-62. . 
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It is thus seen that the vanishing of |1234| and |1235| entails the 
vanishing of |1245]|, |1345|, [2345]. Similarly from the vanishing of 
-|1234| and |1236| we infer the vanishing of |1246, |1346|, |2346| ; 
and from the vanishing of |1235| and |1236| we infer the vanishing 
of |1256), [1356], |2356). 

In the next place all the three original determinants are con- 
nected with one of the twelve by a linear relation, and from this 
like consequences ensue. The relation is 


11234] (1567) |1235||1467| + |1236||1457| — {1237||1456|=0, (B) 


from which by interchange as before we have also 

|2134| |2567| — |2135||2467| + |2136||2457| |2137||2456|=0, (B) 
[3214] |3567| — |3215||3467| + |3216||3457| — |8217||3456|=0. 
It is thus seen that the vanishing of |1234|, |1235]|, |1236| entails the 


vanishing of |1456|, |2456|, [3456], which are the last three deter- 
minants of the twelve. | 


The identities (A) and (B) have long been known ; ‘the one is an 
extensional of 


[34] |57| |35||47| + |37||45| = 0 
and the other an extensional of 
(234) |567| — [235] |467| + |236||457| |237)|456] = 


These are the first two cases of a general theorem discovered and 
_ brought into notice by Sylvester, but included in a wider generalisa- 
tion of earlier date. Had the determinants with which we started 


been of a higher order than the 4th, we might have reise to ne 


the next case, viz., the extensional of 
|2345||6789| — |2846||5789| + |2347||5689| |2348||5679| + |2349||5678| = 

_Cayley’s mode of enunciation is :—The 15 (i.¢., Cg,,) equations — 


d, dg ds dy d, dg 
are not independent, but are reducible to 3; and if these be 
(1)=0, (2)=0, (3)=0, 


0. 
=(), 
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then any one 0 of the twelve other determinants is expressible 1 in the 


| 6,(1) + 6,(2) + 0,(3). 


The above hinnsiaslindion has the advantage of showing what 
6,, 9, 6, are in every case, | 

There is, however, quite a different mode of viewing and investi- 
gating the theorem. ‘The identities (A), (A’), (A”), (B), (B’), (B") 
may each be looked on as furnishing the result of an elimination. 
For example, having used (A) to prove that if |1234|=0 and 
| | |1235|=0 then |1245|=0, we may manifestly view the work thus 
accomplished as the elimination of the suffix 3 from the given 
equations. The question consequently arises, May the demonstra- 
tion not be presented in the form of an ordinary process of elimina- 
tion? | 

Writing the first given equation in the form — 


and the second in a similar manner, 

and from these eliminating a, we have 


+ 
{ | |b } =0, 
from which, on striking out the common factor |b,c.d,|, there results 
— + — 0 , 
ree now to (B), and observin g that the result there ob- 
tained is the elimination of the suffixes 2, 3 from the equations 
|1234|=0, |1235|=0, |1236)=0, we write the said equations in the 
form 
— + - = 0, 


— + — = 0, 


: 
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and thence eliminate a,, a,. The result is 
as, 
1] | 4, Cy b, a, 


—\b,d,| d; ¢, b, as 


so that on dividing by |},c,d,|? we have 


as was to be proved. 

Let us pass now from the determinants of the 4th order arising out 
of the rectangular array with which we commenced to the determinants 
of the same order arising out of the square array 


Kh bh te | 
and let us inquire how many of these minors are independent. _ We 
know that the total number of them is (Co,4)", @.¢., 225, and that 
_ they constitute the elements of the 4th compound of |a,b,cy,¢, fol. 
We see further that the first row of this compound determinant con- 
sists of the fifteen determinants dealt with above, and that therefore 
only three of the fifteen are independent. Similarly it follows that the 
vanishing of the first three of the second row entails the vanishing of 
all the rest of the row, and that the vanishing of the first three in the 


a Ag Ay ag 
b, be Ob, 
‘ 
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third row entails like consequences. But the first three elements of 
the first three rows constitute likewise the first three elements of 
the first three columns ; and the elements of a column are related 
to each other exactly as the elements of a row are; consequently the 
vanishing of these nine elements entails the vanishing of all the 
other elements of the first three columns. Finally, viewing these 
last elements as constituting the first three elements of the 4th and 
remaining rows, we see that all the 225 minors will vanish if the 
nine minors common to the first three rows and first three columns 
vanish. 

Had the original — determinant been of the n order and the 
minors formed from it been of the m”, the compound determinant 
would have been of the order “3 lege ‘and all the elements of its first 
row could have been shown to ‘wand if | 


0=|1,2,3,...,m—1, ml=[1,2,3,...m-1, nf, 


that is to say, if »—m+1 of them vanished. The = theorem 
we have thus proved is—All the minors of the m™ order formed 
From a determinant of the n™ order will vanish if (n-m-+ 1) of 
them vanish. 
_ If the original determinant be axisymmetric, the compound deter- 
minant is also axisymmetric, and therefore the said (n—m+1)? 
minors are not in this case all different. In fact, instead of there 
being »- m+1 different minors to be counted in each row, there is 
1 less in the second row, 2 in the third, and so on, the total thus 
being only 
41. 
i.e, n-m+1)(n-m+2). | 
This result was enunciated without proof by Sylvester in the 
Philosophical Magazine for September 1850. It appears from the 


foregoing to be an easy deduction from Cayley’s theorem published 
seven years before. 


Cayley’s next theorem is bound up with a certain notation intro- 
duced by him, and forms indeed the fundamental justification for 
the use of the said notation. To indicate that all the 15 determi- 
nants of the 4th order formed from the array 


— 
| 
v 
é 
= 


+Agy+.. 
+.. 
Cot... 
Ayd, +Agdy+.. 


we see that it is equal to the sum of products usually represented by 
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by 


d, dy 
vanish, Cayley wrote 


and the theorem referred to is that if this group of equations holds 
it follows that the similar group got by the quasi-multiplication of 
both sides by the determinant |A,y.v,9,0;74| holds also; in other 
words, that so far as multiplication by |A,4.v4p,0,7¢| is concerned, we 
may view the rectangular array as if it denoted a single entity. | 
Taking the first of the fifteen determinants of the new group, 


+... 
+. 


+ 


6, 6, by 
C, Cy Cg 


that is to say, it is equal to 


1A 
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v,0,+.. + p19, + 


Ag Ag Ay Ag 
Mo 


Vo 


bs 


and consequently must vanish, because the first factor of every one 
of these products vanishes. The same is readily seen to be true of 
any other one of the fifteen determinants; in fact, the equivalents 


of the fifteen are 


+ 


pg &% 


+... + pal |, 


Me | 


[ sess, 


ee + 
+ 


b, b, b, by 
d, d, d, d, dg 
>] 
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the difference between any two lying in the second factors only. 


Conversely, if 


or, aS we may write it, if 


_ it follows that 


provided that |A;.7sp47576|=0. For, as we have seen, the’ fifteen 

given equations are— 

=(Q, 


where the summation-sign refers to the suffixes, and indicates that 
every possible set of four is to be taken out of 1, 2, 3, 4, 5, 6, and 
that the four indices of the second factor are always the same as 
those of the first; and if we solve for the fifteen unknowns 


C, ty 
1d, dy dz dy ds dg 
=(), 
C,  % 
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result 0 for each of them, unless the determinant of their coefficients 
vanishes. Now, the determinant of their coefficients is the com- 
pound determinant whose elements are the minors of the 4th order 
formed from |A,u,v,p,0;7,|, and this by a well-known theorem is 
equal to the 10th power (7.e., C,,,) of |A,H.v,40;7,|. The theorem 
is thus established. 


Cayley’s last theorem closely resembles his second, being to the 
effect that if 


a, a, as a, 


then 


d, d, ds dy ds dg 
a, ‘ : «eee Ug 


This amounts to saying that so far as multiplication by 
1 
A A 
My 


is concerned, the given rectangular array may be viewed as a single 
entity. The proof here is exactly similar to that of the analogous 
theorem, but is simpler; for the fifteen determinants of the new 
array are manifestly equal to 

la, 


that is to say, are merely multiples of the fifteen determinants of 
the original array, and must therefore vanish along with them. 


af 
5 
4 
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The condition for the existence of the converse theorem i is, evi- 
dently, 
= 0 


It is most important to notice that there is no reason for restr ict- 
ing the multiplier in the preceding theorem to the form | 


The method of proof which we have used shows that the multiplier 
‘might be any determinant whatever of the 4th order. This puts us 
in the position of being able to combine Cayley’s two analogous 
theorems into one, as follows :—Jf an array consisting of r rows anl 
n columns (r<n) be such that all the determinants of the r™ order 
formed from it vanish, then the multiplication of the array row-wise 
by a determinant of the n™ order or column-wise by a determinant 
of the x order produces a similar array each of whose determinants 
of the r™ order will also vanish. 


Or, if 
11 12 13---In 
91 283 In} 
=0, 
then also 
ll 
21 32: | 
e |W) 1 Wnn| = 0 
yl 72 
and | 
ll 132 13 ln 
21. 23 .23---+ Bn 
* eee = 0. 
rl r2 
VOL, XVIII. 1/4/91 F 


82 Proceedings of Royal Society of Edinburgh. [ szss. 
And, conversely, if 
11 12 13---1n 


91 22 23... 


° A=0, 


where A isa determinant of the n“ or 7” order, then 


11 12 13---In 


21 22 23...2n 


rl om 


provided that A +0. 


— 
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Equation of the Glissette of the Two-term Oval =], 


and Cognate Curves. By the Hon. Lord pre 
(Read January 19, 1891.) 


The first step is to find an expression for the distances A, p, of 
the centre of the oval from the guides. These distances are to be 
found separately, heginning with X. 

For this purpose it is indifferent whether we consider the oval as 
moving in contact with the guides, or whether we consider the 
guides as variable tangents moving round the circumference of the 
oval. On the latter supposition, the extremity of A is evidently the 
locus of the foot of the perpendicular on the tangent of the oval, 
whose equation is given in the title. | 

‘Let é, y be the céordinates of this locus referred to the prineipal 
axes of the generating curve as reference lines. Then, by a known 
relation, the equation of the required locus is 


(2 =(ag)a-i + (A). 
The distance, A, is the radius-vector corresponding to ¢ and 7: 


therefore =A cosO; »=Asin 0. 


Substituting these values in aay we have 
whence 
A") = + (bsin 
Similarly, 


pT = (asin . . (2) 
(by interchanging sin 6 and cos 6). 

Next, lei the céordinates of the tracing-point (i.e, its distances 
from the guides) be denoted by X, Y. 

X is found from A in the same way as in n the case of the glissette | 
of the ellipse, as given by Professor Tait (Proc. Roy. Soc. Edin., | 
vol. xvii. p. 2). 

a and 7 (constants) are the polar céordinates of the tracing-point, | 


PO 
| 
{ 
4 
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reckoned from the centre of the generating curve as origin, and from 
its principal axis as reference-line, and we have, evidently, 
X=A+tr-cos(6+a); Y=ptr-sin(0+a). 
Finally, by substituting for A and p in (1) and (2), we get the 
simultaneous expressions for the glissette of the two-term oval, viz.: 
XFr-cos (6 +a) = {(a cos + (bsin 
YFr-sin (0+0)={(asin + (bcos 
The equations of the glissette of the ellipse may be immediately 
formed from these by making the exponent n=2. They are 
X F 7+ cos (9+) = {(a2cosO + bsin26)} ; 
Y Fr- sin (0 + a) = {(a?sin?6 + 
This method may be further generalised ; because the equation (1) 
is the polar equation of the pedal of the generating curve, and (2) is 
the same equation for a corresponding point in the next quadrant 


of the pedal. Accordingly, whenever the pedal of a curve is known 
or can be found, the glissette of that curve can be obtained from the 


- equation of the pedal in the manner above exemplified. 


The equation of the pedal being represented by the generalised 
expression ¢,(R,0,A)=0, then if the origin of céordinates R,O, be 
taken as the tracing-point, the two equations of the glissette are 


given (in rectangular cdordinates, A and p») by writing in the first 
equation A for R, leaving 6 unchanged, and writing in the second 


equation p for R, and (6+ >) for 0 ; 


For any other tracing-point rigidly connected with the generating- 


curve, the first x-and-y equation of the glissette is derived from the - 


polar wipe of the pedal by substituting for R, the expression 
and the second z-and- Yy equation is formed by substituting for R, 


y —rsin (6+a) , 


and also changing 6 into (645). 
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_ In these expressions, 7 is a line drawn from the tracing-point to 

the centre or origin of polar céordinates of the pedal, and a is the 

inclination of that line to the axis of the generating curve, or refer- 
ence line for its polar céordinates. 

If the angular coordinates of the generating curve and its pedal be 

of the form, cos m6, the glissette can be derived from the latter 


without expanding the quantity. Thus, if the —— curve be 
the negative-pedal of the parabola, or — . 


the equation of the pedal, or common parabola, is 


and the two equations of the glissette of (1) are i the above 
formula | 


cos 2) =a; 


(y-r-sin ) aa, 


Again, if the generating curve be the parabola (2), the equation of 
the pedal is 


and the two equations of the glissette are, by (II1), 
(a — cos 8+ a)cos 0 =a; | | 
(5) 
(y—rsin + a)- cos =a, or sin0= —a; | 
Note, that if the generating curve be a parabola of any degree, we 
must, in forming the 2nd equation of the glissette, substitute for 


cos (<=) the value, cos (= - =) , or, in the case of the common 
n 


parabola (— sin @). Hence a is negative in the second of the pair 
equations (5). 
The quantity 6 may be eliminated from the equations ©) as 
follows :— 


> 
i 
3 
> 
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The equations of the glissette of the parabola, when expanded, 
are— | | 
. . (b) 
by addition, | 
xcos@+ysind-p=0; .... . (¢) 

where p=7' cosa, and g=rsina. 

Two new equations are to be formed (1st) by eliminating sin 6 
between (a) and (c), and (2ndly) by squaring (c), viz., 


(py + 92) cos”6 — . . (1). 
y’sin26 = p? + — 2px cos or 


(x? + y2) — 2px cosO+(p2?-y2)=0; . . (2) 


By (1st) eliminating cos between (1) and (2), (2ndly) eliminating 
the terms independent of 6 between the same equations, and (3rdly) 
eliminating cos @ between the resulting equations, we find 


{(y? + pq) + 2apay)} { 2pa(py + 9x) (x? + y°)(xy + p9)} = 
+ 9x)(y? — + ay(x? + }? 
being a function of the eighth degree equated to a function of the 

The elimination of the glissette of the ellipse may be performed in 
the same way, only in this case we have in (a), (b), and (c), instead 
of a and p, quantities containing x? and y?. Hence for the ellipse 
(1) is of the 3rd degree, (2) is of the 4th degree, the two equations — 
immediately derived from these are of the 5th and 6th degrees, and | 
the final equation is of the 10th degree. Dr Muir has shown, in _ 

a paper just read, that the final equation is divisible by a quadratic 
factor, and is thus of the same degree as its linuiting form, the 
glissette of the parabola. — 

Since the glissette of any curve may be found from the equation 
of the pedal (supposing the latter can be found), the glissette may 
be considered as belonging to a system of derivative curves which 
includes the pedal, the inverse, the reciprocal-polar, and (as shown 
by the writer in a previous paper) the caustic for parallel rays (Proc. 
Roy. Soc. Edin., 1890, p.280). In this system of derivative curves, the 
curves of each species are defined by a relation between the primitive 
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curve and the cdordinates of its tangents, normals, and radii, and 
the required equation is found by elimination between two equations, 
one of which is of the lst degree. Other curves of the same system 
exist, and their equations may be found, eg., the locus of the 
intersection of normals, where a curve moves in contact with rec- 
tangular guides. Here the coordinates, x and y, are the differences, 
and being the perpendiculars drawn from 
the pole of the curve to the tangent guides, and w,, w, being the 
perpendiculars drawn from the pole to the normals. | 
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The Influence of High Winds on the Barometer at the 
Ben Nevis Observatory. By Alexander Buchan, LL.D. 


(Read March 2, 1891.) 


The question of the effect of wind on the readings of the baro- 
meter was first examined by Sir Henry James in a paper read to 
the Society on March 15, 1852.* The observations were made 
during the succession of gales from the south-west which occurred 
in January and February of that year, at his house in Granton, 
with an aneroid barometer, laid horizontally in succession on the 
table of his room in the cottage, on the seat of the open summer- 
house, and on the surface of the ground close to the summer-house, 
all at the same level. The anemometer employed was of a very 
simple construction, being on the same principle as the instrument 
used for weighing letters, the weight or pressure being indicated by _ 
the compression of a spiral spring ina tube. A table of results is 
added, giving ‘the depression of the barometer in decimals of an 
inch for the velocity of the wind from 14 to 40 miles per hour. At 
14 miles the barometric depression was 0°010 inch, and increased - 
| oradually to a depression of 0°045 inch at 40 miles per hour. Un- 
furtunately, the number of observations on which the depression for 
each wind-velocity has been deduced are not given, and the obser- 
vations in the cottage and those at the open summer-house are com- 
bined into one result. It may be safely assumed that the results 
arrived at indicate too large barometric depressions for the different 
wind-velocities as barometers are usually observed, namely, in 
houses. The depression on the lee side of any obstruction in the — 
wind such as a summer-house is greater than it is in the room 
of a dwelling-house. Further, a barometer laid on the ground 
during strong winds will, if the wind brush briskly over the key- 
hole of the instrument, indicate a less pressure than that of the air. | 
Since, however, in such a position, the wind will only at a few 
points have access to the connecting opening between the aneroid 
and the free atmosphere, it may be assumed that the instrument 


* Transactions, vol. xx. p. 377. 
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will, in the great majority of cases, show a higher reading than 
that of the free atmosphere. For these reasons, these barometric 
depressions are too large. Since 1852 meteorologists have taken 
no action on the results of Sir Henry James’s inquiry in discussions 
on barometric readings and wind-velocities; and practically no 
advance has been made in this branch of meteorology. Various 
arrangements have been proposed, but none of them can be regarded 
as satisfactory, to arrive at the knowledge of the actual pressure of | 
the free atmosphere during high winds. The difficulty consists in 
finding a perfectly unscreened position for the barometer, and 
securing at the same time that the wind, brushing past the small 
openings connecting the mercury of the cistern with the air outside, — 
will not partially lower the pressure on the mercury in the cistern, — 
and so render the instrument no longer indicative of the true 
pressure of the free atmosphere. The same remark applies to 

In carrying out, during the past five months, the instructions of 
the directors of the Ben Nevis Observatory to discuss the observa- 
tions made at the High and Low Level Observatories, it quickly 
became apparent that the influence of high winds on the barometer 
was the first inquiry calling for serious attention. The depression 
of the barometer during high winds was plainly so serious as to 
render the examination of many questions all but a hopeless task, 
until some approximation was made to the values of these depres- 
sions for different wind velocities. 

Now, since the horizontal distance of the High and Low Level 
Observatories is only about four miles, it follows that the two may 
virtually be treated as one as regards the geographical distribution 
of pressure. But the Observatory at the top of the mountain is 
peculiarly exposed to high winds, which are occasionally so violent 
that the observers must be roped together on going outside to make 
the observations ; and it not unfrequently occurs that very strong 
winds prevail, while over the surrounding low country calms and - 
light winds only prevail. On the other hand, the Low Level 
Observatory at Fort-William is in a sheltered position, and high 
winds are of comparatively rare occurrence. Thus, then, these two 
Observatories present the conditions which are essential to this 
inquiry, viz., one of the barometers is in a building exposed to 
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winds of all velocities up to at least. 150 miles an hour, whereas the 
other is in a building where either calms or light winds only at the 
time prevail—so that this barometer may be regarded as recording 
the pressure of the free atmosphere. It was therefore resolved to 


institute a comparison between the sea-level pressures of these two 


barometers, employing only those cases when winds at the Fort- 
William Observatory were light. — | 

The scale used on Ben Nevis for the observations of the force of 
the wind is a modification of Beaufort’s scale, 0 to 12. Much 
attention has been given to ascertain the wind’s rate in miles per 
hour, corresponding to each of the figures of Beaufort’s scale. For 
this purpose, a modification of Robinson’s anemometer was de- 
signed by Professor Chrystal for the Observatory; and during the 
times the instrument is not frozen up in a thick covering of ice, the 


comparisons have been made. These have been discussed by Mr — 


- Omond in a paper read to the Society. The comparison is. given 
at the top of Table I. 

— The reductions of the barometric readings c on the top of Ben 
Nevis to sea-level have been made by Table VIII. prepared for the 
purpose, as given in the volume of the Transactions recently pub- 
-lished,* and the readings at Fort-William in the usual way. The 


differences of the two reduced readings were then entered'in columns _ 
headed 0, 1, 2, 3, &c., and according to the wind force at the Ben | 


Nevis Observatory at the time. Table I. gives the mean differences 
for each wind force for each wind; and the figures in the second 


half of the Table show the number of observations from which each 
mean difference has been calculated. The comparison for the six 


_ months was made from the hourly observations at both Observatories, 
from August 1890 to January 1891. But since this period gave too 
few observations for the higher wind velocities for good averages, 
the observations from January 1885 to July 1890 were utilised for 
the five hours of the day at which corresponding observations were 
made at Fort-William. Only the wind forces from 5 to 11 have 


been thus utilised, and the results have been incorporated with 


those for the six months, and entered at the foot of Table I. In all 
4596 of the Ben Nevis observations have been reduced to sea-level 
for these comparisons. 


* Trans, Roy. Soc. Edin., vol. xxxiv. pp. 60-61. 
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The following summarises the results, showing the depression of 
the barometer with each wind velocity :— | 


Miles per hour. Baro. Depression. | Miles per hour. Baro. Depression. 
inch. inch. 
0 -—0°001 50 — 0°035 
5 — 0°004 63 — 0°050 
0°005 83 -—0°070 
21 -0°010 96 --0°104 
-0°014 108 ~0°122 
39 — 0°026 120 0°150 


Thus in calm weather, the two reduced barometers are practically 
the same, but with every increase of wind the depression of the 
barometer steadily augments. It is not till a velocity of more than 


20 miles an hour is attained that the depression amounts to one 


hundredth of an inch. At 63 miles an hour, it is 0°050 inch ; at 96 
miles, 0°104 inch; and at 120 miles, 0°150 inch, The amount of the 
depression of the barometer is thus practically proportional to the 


velocity of the wind, from zero to a velocity of 120 miles per hour. | 


This depression of the barometer is no doubt occasioned by the 


wind drawing out the air from the room where the barometer is. 


hung, as it rushes past the observatory, thus producing a partial 
vacuum and consequently a lower pressure. If a window or door 
is opened on the side of the room exposed to the wind, the readings 
of the barometer are thereby raised; whereas on the lee side of 
buildings, in rooms connected therewith, and in rooms with 
chimneys, the barometric readings are lowered. Now, as the 
barometer of the Ben Nevis Observatory is hung in a room, with 


the usual chimney, door, and windows, these results may be regarded 


- as applicable to the readings of barometers generally, since they are 
in almost every case suspended in situations similar to that of the 
Ben Nevis barometer. | 

In a paper on the Mean Atmospheric Pressure of the British 
_ Islands, published by the Scottish Meterological Society ten years 
ago,* monthly and annual isobars are given for every two-hun- 
dredths of an inch of pressure. These isobars show a lower 


pressure over those parts of the country where the prevailing winds — 


are stronger than elsewhere. It may now be regarded as probable 
that the curved courses taken by the isobars do not indicate any 


* Journal Scot. Metcorol. Soc., new series, vol. vi. p. 4-40. 
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real lowering of atmospheric pressure in these districts, but are 
only an increased depression of the barometer brought about by the 
stronger winds which prevail in those parts of the country. 

In forecasting weather it will be necessary to keep this effect of 


arriving at a better approximation to the real geographical distribu- 
tion of pressure at the time the forecasts are being framed. 
In working out the question of the barometric gradient from 
actual observations, particularly the relations of the higher gradients 
- to the wind velocities, the results hitherto arrived at cannot be said 
to be satisfactory. The reason is that, while the wind velocities were 
known with tolerable accuracy, the pressure of the free atmosphere 
could not be dealt with, because the observations did not record it ; 
what the observatories recorded was only the barometric readings, 
not reduced proportionally to the force of the wind at each observa- 
tory. For such discussions to be satisfactory, the amount of the 
depression of the barometer, owing to the force of the wind prevailing 
at the time, should be approximated to and allowed for. 

Table II., showing the mean diurnal variation of the differences 
between the two reduced barometers for the six months has been 
prepared in this way: The differences for each hour of the day © 

- were corrected by adding, in each case, the corrections indicated in 
Table I., according to the wind force at the time, from which the 
monthly means were calculated. The six months’ means show that 


the higher, and from 10 a.m. to 6 p.m. that it reads the lower. 

In these reductions the mean temperature of the stratum of atmo- 
sphere from the bottom to the top of the mountain has been assumed 
to be the same as the mean at the two observatories. If it be sup- 
posed that the diurnal variations for the six months in Table II. are 
simply an expression of the degree to which the mean temperature 
of the two observatories falls short of, or exceeds, the mean of the _ 
whole intervening stratum, it follows that during the warmer hours 
of the day the temperature of the whole intervening stratum is 
about 0°-8 lower, and during the colder hours of the night 0°-8 higher 

than the mean of the two observatories. | 

The variations of differences are of course much larger and more 
uniform in their distribution during the hours of the day. It will 


high winds on the barometer constantly in mind, with the view of . 


from 7. p.m. to 9 a.m., the reduced High Level Barometer reads 


4 


| | 6 

Aug. | Sept. _ Nov. Dec. Jan. Manthe 

inch. inch. inch. inch. inch. | inch. inch. 

1 A.M. 010 016 000 002 — 005 004 
007 017 000 — 005 — 004 
"007 7018 | ‘001 ‘000 004 — 
007 016 — 001 003 001 — ‘007 003 
006 012 002 001 (000 | | :003 
002 012 002 — 002 - 001 000 002 
a 001 012 003 002 001 001 003 
— 007 | -:001 002 ‘001 003 001 
— 003 — ‘002 001 003 004 000 
10 ,, ‘011 001 — — 002 —°002 |-°003 
— 001 — — ‘004 — ‘002 — 01 |-— 
Noon —°012 003 ; -—007 | -—005 | -°006 | -°001 |-°005 
1P.M — °009 007 | -—‘007 | -—°009 ; -—:006 | -—-001 |-:004 
— ‘009 001 — ‘007 — ‘007 — ‘006 006 
— 009 001 — ‘007 — 006 — —°004 |-—-005 
— ‘007 ‘002 — ‘009 — — — "002 |-°004 
— 007 — 002 — — 906 |--001 
-°004 | :007 — 003 — ‘009 - ‘001 004 |-:001 
ee 002 015 002 — "005 000 004 003 
003 015 — — 006 002 — ‘004 001 
007 021 002 — 004 — 002 005 
10 ,, 007 017 003 — 003 001 — 004 004 
11 009 020 “002 003 003 — 003 006 
Midnight 008 018 000 “001 001 — 004 
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_ be observed that the means for August and September differ con- 


siderably from each other. The results point to two marked 
peculiarities in the differences of the reduced barometers in wet, 
cyclonic weather, as shown by the August curve ; and in dry, anti- 
cyclonic weather, as in the September curve. During the times 
of abnormally high temperature and great dryness, which are so 
characteristic of anti-cyclonic weather, the reduced barometer at 
the top reads higher than at Fort-William; and, on the other hand, 
during advancing cyclones, when the atmosphere is highly charged 


| with Vapour, the reduced barometer at the top reads lower. 


TasBLE II.—Showing the Mean Diurnal Variation of the Differences 
between the Reduced Barometers of the two Observatories for 
the Six Months ending January 1891. The minns sign indi- 
cates that the mean of the reduced High Level Barometer was 

_ the lower of the two; no sign that it was the higher. 
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_ Electrolytic Synthesis of Dibasic Acids. Alkyl Deriva- 
tives of Succinic Acid. By Professor Crum Brown 
and Dr James Walker. 


(Read April 6, 1891.) 


(Abstract.) 


In our previous communications to the Society (see Trans, 


xxxvi. 211) we described the behaviour of the ethyl potassium. 


salts of normal dibasic acids on electrolysis. These we found 


always to yield the diethyl esters of normal acids of the same 
series. We have now extended our investigation to acids with . 


side chains, and in this paper give an account of the electrolysis 


of ethylpotassium methylmalonate and  ethylpotassium 


malonate. 

The esters formed according to the general equation, 2FL0(CO) 
R”.(CO)O- = EtO(CO).R”.R”.(CO).OEt + 2CO,, are evidently 
always symmetrical, so that from methylmalonic acid we should 
expect to obtain symmetrical dimethylsuccinic acid :—2EtO(CO). 
CH(CH;,).(CO)O- = Et0(CO).CH(CH,).CH(CH,).(CO)OEt + 2CO,. 


This dimethylsuccinic acid contains two similarly situated asym- 


metric carbon atoms, and is thus, ‘like tartaric acid, capable of 


existence in four isomeric forms—two optically active, and two 
optically inactive, one of these latter (corresponding to racemic 
acid) being a compound or mixture in equal proportions of the 
two opposite optically active acids. As the optically active forms 
are produced in equal proportions by any purely chemical process 
from inactive materials, we were justified in expecting to obtain 
by electrolysis a mixture of the esters of the two inactive 
symmetrical dimethylsuccinic acids. 

‘The synthesis was conducted in precisely the same manner as 
in our previous experiments. 150 grams of ethylpotassium methy]- 
malonate yielded about 60 grams of an ethereal product, which, 
on distillation, gave a fraction of 30 grams, boiling between 194° 
C. and 206° C. This portion was saponified with boiling alcoholic 
potash, and the potassium salt thus formed converted into the 


; 
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acid, which was then extracted with ether. The crude acid was 


freed from a small quantity of an oily substance by drying on 
porous tile, and then subjected to systematic fractional crystal- 
lisation from water. We succeeded in separating and purifying 
two acids—one, the less soluble, having the melting-point 193° C., 
the other melting at 120°-121° C. The acids on analysis proved 
to have the same composition, both corresponding to the formula 
C,H 


I. :1166 gr. more solve acid gave ‘2100 gr. CO, 
and ‘0737 gr. HO 
a. ‘1350 or. less soluble acid gave ‘2432 gr. CO, 
and ‘0855 gr. H,O 


Found. | 
I II 


Calculated for C,H,,0, 
C 49°12 49°13 < 


The acid melting at 193° would thus seem to be identical with 


the para-s-dimethylsuccinic acid of Bischoff (melting-point 194°) ; 
and that melting at 120°-121° with his anti-s-dimethylsuccinic acid 
(melting-point 120°). For further confirmation we measured the 
electrolytic conductivity of solutions of the acids, and found the 
following dissociation-constants :— 


Para-acid, K = ‘0208 (K= ‘0205, Bethmann). 
Anti-acid, K = 0138 (K = ‘0122, Bischoff and Walden). 


In a similar manner we performed the electrolysis of ethyl 
potassium ethylmalonate, and from 150 grams of the salt obtained 
- 63 grams of an ethereal liquid. The portion of this boiling above 
: 200°, was saponified, the potassium salt acidified, and the crude 
acid extracted with ether and purified as in the preceding case. 
Besides water as a means of fractional crystallisation, we found 
benzene a useful solvent for effecting the separation of the isomeric 
acids. As before, we obtained in the pure state two acids, 
one melting at 192° C. with decomposition, the other at 130° C. 
Analysis gave the following numbers :— 


I. 1252 gr. acid, melting-point 192° C., gave ‘2530 gr. CO, 
| and *0915 gr. HO 


oy 
4 

5 

| 
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II. °1224 gr. acid, melting-point 130° C., gave *2465 gr. CO, 
and ‘0894 gr. H,O 


Found. Calculated for CsH,,0, 
5511 54:93 95°17 
H 8-19 8:19 811 


The acids have thus the composition of diethylsuccinic acid, 
and from their mode of formation are symmetrical. Two sym- 
metrical diethylsuccinic acids were prepared by Bischoff and Hjelt, 
which are evidently identical with ours, viz., para-s-diethylsuccinic 
acids, melting-point 192°, with decomposition, and anti-s-diethyl- 
succinic acid, melting-point 129°. We found the following values 
of the dissociation-constants of the two acids: — 


_ Para-acid, K = 0237 (K = 0245, Bischoff and Walden). 
Anti-acid, K = :0347 (K = 0343 no " ). 


VOL. XVIII. 29/4/91 
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Proposed Extension of the Powers of Quaternion Differ- 
entiation. By Alexander M‘Aulay, Ormond College, 
Melbourne. Communicated by Professor Tarr. 


(Read December 15, 1890.) 


It will, I think, be acknowledged that. Quaternions, while pro- 
viding for the physicist a machinery much more natural and 
graceful than the Cartesian, for all conceptions strictly geometrical, 
do not at present afford equal facilities for the consideration of 
questions involving differentiation. It is true that there is one 
well-known symbol of differentiation of great utility, which enables 
Quaternions to deal in a suitable manner with many such questions ; _ 
but there are left whole classes of differentiations in which the 
symbol is of no avail. | : 

This has led me to the consideration of other symbols of differen- 
tiation, and to a slight generalisation of the powers of the symbol 
already mentioned. I had thought it necessary only to define the 
extensions here referred to, and proceed to apply them. But Pro- 
fessor Tait, while kindly procuring me this opportunity of bringing 
forward my views, has given me fair warning that the repugnance 
of physicists to some of my notation may prove an insuperable 
obstacle to their paying any attention to investigations conducted 
in that notation. This personal reference will explain why, in the 

present short paper, an apology for, and explanation of, the methods 
are entered into, much more detailed than could otherwise be con- — 
sidered advisable or even justifiable. 

In what follows, after an explanation of the proposed changes of, 
and add.tions to, quaternion differential notation, a brief account in — 
the abstract is given of the reasons for and against what can be 
called innovation; and the rest of the paper is devoted to some 
examples of the application to the theories of elasticity and electro- 
statics, I may here remark that, in a short paper like the present, 
it is impossible to do full justice to the views enunciated, because — 
for this purpose it would be necessary to go over a large part of 
the ground covered by mathematical physics; but if the slight 
variations from previous custom indicated below do not meet with 
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that studied discountenance from all authorities in the matter, which 
[have been assured they must, I could give in a future paper some 
few applications of the methods which would probably prove in- . 
teresting to physicists, and which cannot be treated readily, if at all, 
by methods other than those in question, 


As is well known, Hamilton’s symbol V may be defined by the 
equation 


ad .d id 
v= “Te 


where 2, j, k, x, y, have the usual meanings. Hamilton himself 
did not examine the utility of V. This explains, most likely, why 
he did not state more exactly how to consider to what symbols the 
differentiations implied should refer. In the simplest applications of 
V these differentiations will refer to that symbol, and only to it, 
which immediately follows the operator. Very little practice in the 

application of V to physical questions serves to show that, if we are 

“to he bound by this rule, at least seven-eighths of the potential 
utility of V must be sacrificed. Professor Tait has recognised this 
in the 3rd edition of his Quaternions, where. he freely separates the 
V from the symbol or symbols it affects ; and, according to a well- 

_ known custom, indicates the connection between the operator and 
the symbols affected by attaching the same suffix to both. This I 
had already done in a paper to be referred to immediately. We | 
seem then to be led by a natural process to the — state- 
ment :— 

The operator V and its operand or operands may have any relative 
positions in a term which are convenient, the connection between them 
being indicated in the usual way by suffixes. 

For the propriety of this view, I now wish to contend, although 
at the time of writing the 3rd ed. of Quaternions Professor Tait — 
was not prepared to endorse it in full. Notwithstanding that it is 
immaterial how great, in a term, be the separation of a V from the 
symbol affected, so long as the V is on the left of the symbol, he* 
emphatically—observe his italics—lays down the law, that the V 


must not be removed to the s7ght of the symbol, even the immediate 
* With regard to the use of vy Professor Tait (Quaternions, 3rd ed., § 149) 
says :—‘‘The precautions necessary in such matters are twofoll—(a) The 


operator must never be placed after the operand ; (b) its commutative or non- 
commutative character must be carefully kept in view.” 
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right. Is it not akin to inconsistency to say in effect—“ It is 
_ justifiable to violate, for convenience, the custom of writing an 
operator to the immediate left of the symbol affected, and to indi- 
cate the connection by some other method, but the justification 
only covers a limited violation of the custom. It matters not that 
the new method of indication will equally well serve whatever be 
the relative positions in a term of the operator and the symbol 
affected—we will strictly adhere to one part of the restriction 
hitherto imposed upon this relativity of position, — freeing 
ourselves from the other.” 

It may be—has been—urged that to place a V to the right of the 


symbol affected is as criminally ridiculous as to write xf for 
= - It may be equally well urged that the removal of V to the left 
from its primitive position is on a par with writing = XY for 


dY 


It must be conceded that both of these violations of custom are | 
objectionable, and cannot be justified, unless some convenience — 
accrues greater than the counterbalancing inconvenience of having 
to show by some method, other than that of juxtaposition, the con- 
nection between the operator and the symbol affected. Whether 
such convenience does exist must be left undecided till we come to 
the applications. What I want to point out here is, that it is 
extremely inconvenient, and there is absolutely no ground whatever 
for not utilising this new method of | eon in all cases where it 
is applicable. 

To take an instance. In considering Maxwell’s electrostatic 
theory below, we are led to consider the very simple stress, whose — 
corresponding linear vector function ¢ is given by the equation. 


3 ow = ’ | | 
where D and € are the electric displacement and electro-motive force 
respectively.* The force per unit volume due to this is 


dpi dhe _ aVDiE dV DIE AV 
dz dy dz dt dy dz 


* Maxwell’s Elect. and Mag., 2ud ed., § 68. 
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Now, what possible objection can there be to writing this last 
equation in the form | 

On the left of this equation the V, as indicated by the suffixes, refers 
to the symbol immediately preceding it. On the right it refers to 


both the symbol immediately preceding and also to that immediately 
following. Certainly the expression on the right can be written 


VDVE+VEVD 


but in this shape we at once lose the connection of form between 
the vector in question and the corresponding linear vector function 


Professor Tait suggests in his treatise how such vectors as ¢, V , 
above may be treated. He shows how we may prove properties of 
the vector, and even suggests a method of writing down the vector. 
Adopting that suggestion, we should have, instead of equation 


(1) above 
-SVA.¢p= -SVA.VD/G. * 


To explain my notation I will quote from a paper t on this sub- 
ject, written in 1884 :— 


be any linear quaternion function, itself a function 
of the position of a point | 


PA dx . dy dz | 
It is necessary, as will be seen below, that this A beatae be dis- 
tinguished from V. 
Whenever numerical suffixes occur in this paper it will be to- 


+ 


, Tait’s Quaternions, 3rd ed., § 508. The following words of Professor Tait 
seem to me to form a powerful aaa in favour of my natural notation :— 
** The highest art is the absence of artifice. . . . . The difficulties of Physics — 
are sufficiently great 1 in theinselves to tax the highest resources of the human 


intellect ; to mix them up with avoidable mathematical difficulties is unreason — 


little short of crime. . . . . In Quaternions, a subject uniquely adapted to 
Euclidian space, this ilies freedom from artifice and its inevitable compli- 
cations is the chief feature... . . What is required for Physics is, that we 
should be enabled at every step to feel instinctively what we are doing. Till 


we have banished artifice we are not entitled to hope for full success in such 


an undertaking” (Tait, ‘‘On the Importance of —— in Physics,” 
Phil. Mag., 5th series, vol. xxix. pp. 84-97). 
+ Mess. of Math., vol. xiv. p. 26. I have substituted in the present paper 


A for the vy’ of the original paper. 
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show to what quantities the operator V refers, both the V and the 
quantities having, for this purpose, the same suffix. Thus below, 


One advantage of this notation is, that the V a Vos, &e., as 
well as the o,’s, o,'s, &c., can be treated as mere vectors.” 

It is this last statement which points to the most powerful argu- 
ment for not restricting the position of the V’s in a term in any 
way. Let them have all the freedom of vectors, and they will obey 
all the laws thereof. As soon as we allow this freedom, but not till 
then, can we draw upon the large storehouse of already accumulated 
knowledge of vectors. f 

It will be observed that in the above definitions there is no abso- 
lute need for introducing the symbol A. It is, however, as in many 
cases of duplicate notation, extremely convenient. Its differentia- 
tions refer to all the symbols in the termin which it occurs, Thus, 
for instance, the above equation (1) can be written 


pA =VDAG, 


which still more clearly shows the connection between the stress 
-~VD(_)@ and the resulting force per unit volume VD AG 

With these definitions, Professor Tait’s well-known theorems in 
integration can be thrown into a rather more general form.t If ¢ be 
any linear quaternion function of a quaternion, then with Professor 
Tait’s (Quaternions, 3rd ed., § 482) notation for integration— 


* According to Professor Tait this must be written in some such form as the 
Even if the first of these is chosen, it may be pertinently asked why symbols 
wkich will, in the nature of things, obey all the laws of vectors, should be 
restricted in a purely arbitrary manner in obeying those laws, Why should 
_we not be allowed to ring all the possible changes on the form of V9, 0280,¥s 

as on that of VagSy8, and reap the corresponding advantages ? 


t In the Trans. Roy. Soc. Edin., xxvii. p. 251 (1874), Dr Plarr suggests 


the notation dr=i7t.. where 7 is any quaternion. He 


suggests no notation for a ... where @ is a general linear quaternion 


function. His symbols q and p do not obey the laws of vectors, the first 
only because it is not allowed the freedom of a vector. 


t The proof is given in the paper already quoted from. 
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The last equation shows at once, as pointed out in the paper already 
referred to, that the stress ¢ (when ¢ has the particuiar form of a 
vector function of a vector) causes a force per unit volume dA. 

_ Before considering the properties and applications of V in this 
extended form, I will now introduce all the innovations that I 
propose. 

A large class of differentiations can be included under a ayuiiel 
somewhat analogous to V. Suppose we have a linear vector func- 
tion, ¢, of a vector depending on the nine scalars, a, 0, c, a’, 0’, ¢’, 
a’, b", ce’, by means of the equations— 


dj =at +b) +ck 
pk = alt + + ok 
Then a, b, c, a’, &., can be called the coordinates of Again, 


P,Q, R, L, M, N may be called the coordinates of the ee 
linear vector function, w, of a vector, if 


wi =Pi +Nj+Mk 
=Ne+Qj+ Lk 
wk=Mi+Lj+ Rk. 


Now, just as, if wu, v, « are the coordinates of an independent vector 
g, ,V may be defined as a symbolic vector, whose coordinates are 
so if a, b, ¢, a’, a’, c” be the coordinates of 
an independent linear vector function, ¢, of a vector, 4 may be * 
defined as a symbolic linear vector function, wnose coordinates 
are— | | | 

da’ db’ de’ db’ de’ da’ 
If w be an independent self-conjugate linear vector function of a 


* I use the inverted D to suggest the analogy to Hamilton’s inverted A. It 
is advisable to write gd, oV, &c., instead of dg, Vo, &c., as, the numerical 
suffixes must be much more frequently introduced than the symbols ¢ or o, 
which may be very frequently understood, and it is not advisable that both 
the literal and numerical suffixes should be on the same side of the a or v. 
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vector, whose coordinates are P, Q, R, L, M, N, a is defined as 
meaning the symbolic self-conjugate linear vector function of a 
vector, whose coordinates are— 


d d dad d d d 
ap’ aq’ aR’ 
This twofold meaning for d leads to no confusion, and is convenient, 
as all the formule which are true of one q are true of the other 
also. Tod may be attached a system of suffixes for the same objects 
and with the same meanings, as in the case of V. _ 
It is convenient, though not absolutely necessary, to introduce one 


other symbol. Suppose Q(a,8) is a function of two vectors, linear 
in each. Then we have | 


Q( Vv = + + 
so that V, and p, may be interchanged. This particular use of V 


is so frequent that it is advisable to use a symbol which will call 
attention to the symmetry. I therefore define ¢ by the equation 


Similarly, if Q(a,B,y,8) be a function of four vectors, linear 
in each, we may put 


“i so to any number of pairs of Z's. Of course if there be only 
one pair the suffix may be dropped entirely. 
I now state a number of theorems in pure mathematics which will 
be useful, for brevity leaving them unproved. 
If @ be any linear vector function of a vector, and ¢’ be its con- 
jugate, 
. . . (5). 


If Q(a, B) be any quaternion function of two eae a and £, 
which is linear i in each, 


To apply this in practice, it is convenient to remember it in words :— 


In any term in which € and ${ occur, we may, without altering the 
value of that term, substitute for them ¢'¢ and £ respectively. (It is 


| 
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not necessary to say that the term is linear in each of the symbols 
é and ¢, for from the definition of Z it must be so.) If 


dw = — 


If Q be symmetrical in tts constituents, and if 
ww = —43(BSwa + oSwf) 


If m have the usual* meaning with reference to the linear vector 
function | 


of | 
From these we deduce that if — 
> . 
J 


If ¢ and y, two linear vector functions of a vector, be connected 


by the equation 
= 
where x is a perfectly arbitrary linear vector function of a vector,t 
it follows that 

on, again, if x be self-conjugate but otherwise perfectly arbitrary and 
the above equation hold, it follows that 


and similarly for y, z.e., ¢, w are the pure parts of ¢ and y. 


* Tait’s Quaternions, 3rd ed., §§ 158 et seq. | 

+ This frequently-recurring and cumbrous phrase is very annoying. Might 
I suggest the term Hamiltonian. Thus, in the present case, we should say— 
“If @ and y be two Hamiltonians connected by the equation Sd¢x(=Sw¢x¢ 
Where x is a perfectly arbitrary Hamiltonian,” &c. 


where 


(8). 


q | 
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If Q be any function of an independent variable vector o, we 
already know (Tait’s Quaternions, 3rd ed., § 480) that 


A similar theorem in @ holds. If Q be any function of an inde- 
pendent variable linear vector function of a vector ¢ (whether 
general or self-conjugate) 


From this it is not hard to show that a is an invariant. That is, 
it is a symbol, independent in meaning of the three mutually per- 
pendicular unit vectors, 7, 7, 4, used in defining it. 

I now proceed to a few examples of the use, in the subject of 


Elasticity, of the symbols introduced. | 


Assuming uniformity of temperature throughout, let us investigate 
the general equations connected with the state of an elastic body. 
The two usual assumptions will not be made (1) that the strain is 


small, and (2) that there is no molecular couple. Let ds be the 


volume of an element in some standard state—say the initial state. 


- We assume that the pot. en. of any finite volume of the body is of the 
- form ///wds, where w depends only on the state as to strain of the 


body at the point. (Notice that it is not here assumed, as I 


_ believe is invariably done, that w depends only on the coordinates | 


of pure strain at the point. It may, eg., so far as we know at 


present, involve also the space-derivatives of those coordinates. 


We do, however, assume that it is not a function of the state of the 
body at a point that is at a finite distance from the point under 
consideration. ) 


Our first object will be to get, not the equations of motion, but 


the equations connecting stress and strain. As will be seen, these 


two problems are not necessarily identical. The plan adopted is to 


assume the body to be strained in the most general manner. Then 
- impose the most general small additional strain, and use the prin- 


ciple that for any finite portion of the body 


J/f[Swds = (work done by stresses on boundary of portion) 
— (work done by stresses throughout volume of portion) (14) 


Let p be the coordinate vector of the element ds in its standard 


— 
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position, p' the coordinate in the strained position, and p'+ép in 
the additionally strained position. Let V have the usual meaning 
with regard to p and y’, the same meaning with regard to p’ (so 
that in the notation of p. 103 above, V’="V). | 
Let at a given point w be the vector area of an elementary inter- 
face in its strained position. Then (Tait’s Quaternions, 3rd ed., 
§ 507) the force due to stress on this area will be dw, where ¢ is a 
linear vector function not necessarily self-conjugate. ¢ is a function 
of p, or of p only, and does not in any way depend on w. The force 
and the couple per unit volume of the strained body due to this 
- stress are respectively (Mess. of Math., vol. xiv. p. 29) ¢, Vi (or 
pA’, as it might in accordance with the meaning of A, explained on 
p. 104 above, be written) and Vé¢g (or VV i¢p,' or VV dp, as it 
might be indifferently written.) Let now Uv’,ds’ stand for the 
unit normal and element of surface at a point of the boundary of the 
portion of the body considered, in its strained state. Let also ds’ 
stand for the strained volume of the element ds. Then noting 
, that by Tait’s Quaternions, 3rd ed., § 384, the rotation of the ele- 
ment due to the additional displacement is Bes ‘dp'/2, we see that 
_ the last equation gives 


[ff Bods = vas + + Sev’ 
where is put for and .*. (equation (5) above). 


where ¢ stands for the pure part of ¢. 


Transforming now the surf. int. into a vol. int. by equation (3) 
above, we have 


S8p'ba'ds' 
=f + S8p'b,V;) as’. 


Combining this with the other volume integrals, and noting that 


There is an important result that flows at once from this equation, 
true whether th~ strain be small or great, and which, I believe, has 
not hitherto been noticed. Into the expression just obtained for 


we get 


: 
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_ the variation of the pot. en., @ does not enter in all its generality. 
A linear vector function, such as ¢, can only be split up in one way 
into what may be called a pure part, ¢, and a rotational part, Ve( ). 
For the first part 6, and for the last 3, independent scalars must be 
assigned, and it is only the first 6 that have anything to do with 
the pot. en. Expressed in physical language :—A stress can only 
‘be split up in one way, into two stresses, of which the first is an 
ordinary stress, producing no couple per unit volume, and the second 
ts a couple-stress. The latter is quite independent of the pot. en. 
Here, by a “couple-stress,” is meant a stress which produces on any 
interface, whatever be the direction of ‘its normal, a tangential 
force. Shortly stated, the above may be put:—The part of the 
_ stress to which the couple per unit of volume is due, is independent 
of the pot. en. This is strictly analogots to the well-known 
corresponding strain theorem that the rotation of an element 
is independent of the pot. en.* 
We may anticipate here by saying that this part of the stress is 
therefore also independent of the strain, though of course other 
means enable us to determine it. In fact, in order that an element 
should not have infinite angular acceleration, it is easy to see that on 
the whole it must be subject to zero couple per unit volume. In_ 
other words, if St be the given external couple per unit volume | 
of the unstrained body | | | 
M + 2me = 0 
is the equation which gives the'part of ¢ we have called «. Here 
m stands for ds'/ds, so that by equations (9) and (7) above 


6m= So 1x Sox’ 
If § be the given external force per unit volume of the unstrained 
body, we must have for equilibrium 

or | 
. . . . (20). 


* That there is at least very grave doubt whether any such thing as a 
molecular couple, and therefore that a stress-couple exists (even in the case of 
" magnetism), I hope to show on some future occasion. It is well to learn, how- 
ever, the nature of the phenomenon, if it possibly exist. — 


- 
: 
> 
‘ 
—— 
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m=1 and V'=V, when the equations become 


or, instead of the last, 


external couple, but instead of the given force %, there were the 
force F+4VVM. If any part of the given data consist of 
surface tractions, we must add that the given surface traction per 


the unit normal at the point. 
Returning to the consideration of equation (16), we see that if 


_ the portion considered be limited to the element ds, we obtain 


Before proceeding further, we must consider the strain a little 
more closely. Let x be Professor Tait’s (Quaternions, 3rd ed., 
§ 384) strain function, so that 


xo= . (25). 


The cre meaning of x may be thus explained. Let w be the 
vector coordinate before strain of any point P, very near to another 
point 0, relatively to the latter; then yw is the coordinate of the 


strained position of P relative to the strained position of 0. In 
symbols 


From this equation we may at once deduce the expression for 
V’ in terms of V and conversely. For 


SdpV =Sdp’ V' =SxdpV'=Sdpy’V’ 
since dp is pexfectly arbitrary 


VaxXVior (27) 
We have thus from equation (24) 


This gives us a very simple way of dealing with the external © 
couple when the strains are small. For in that case we may put 


(F+4VVUM+GA=0 ..... (23), 


so that the mathematical problem is the same as if there were no. 


unit surface §, must be replaced by §.—4VUIM, where Uy is 


(26). 


| 
‘ 
F 
4 


110 Proceedings of Royal Socrety of Edinburgh. - [ szss. 


dyo= . . . (29). 


Hence we see from equation (7) that in any expression, linear both 
in V, and‘dp,, such as the last expression for dw, we may substi- 
tute instead of these two ¢, dy respectively. Hence 


This expresses dw in terms of the variation of strain. It is con- 
venient to modify the last equation by means of equation (6). 
Applying the rule given in connection with that —* and 
changing into respectively, we get | 


Suppene, now * that the strain x is made up of a pure strain y, 
followed by a rotation of 9( )q~}, so that : 


“Then it is easy to prove that 3 
byw = 2VV8qq"" + 


Substituting i in the last expression for dw, we get 


The first term on the right is zero, -.: Vide =(. That dy should 
disappear from the expression for dw is, of course, what we should 
expect. It is, however, well to show that this follows as a mathe- 
matical consequence of our fundamental assumptions. We now 


have 


= 
[by substituting for x in terms of Y and Al 


‘* See ‘Tait’s’ Quaternions, 3rd ed., § 381, where it is shown how to deter- 
mine both y and q in terms of x: 3 


Now 
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where @ is a self-conjugate linear vector function of a vector defined ee 
by the equation 


Bw = Boor (33). 


| Substituting Gy for p-*Z,¢ respectively in the last expression for 
we finally get 


Thus the aly infinitesimal appearing in dw is 5 Sy. It follows that 
w can only be a function of the pure strain y This is not an 


obvious truth, as I have before remarked. Assuming it now, we 
7 ‘have by equation (13) 


- 


| Comparing this with the last equation, and noticing that Sy is a 


perfectly arbitrary self-conjugate linear vector function of a vector, 
we see (P. 103 above) that 


2ydw = (35), 


May + y's) is the pure part of ay. The last equation * 
can be easily shown to lead to | 


where 


= . . . 
(36). 


This, with equation (33) above, completes the present problem of 
expressing the stress explicitly in terms of the strain g and y. 
_ can be easily shown to be that stress which becomes when 
the body is rotated by the operator g~'( )g, without altering the 
force exerted across any interface of the body. We thus see why 
it is @ and not ¢ which bears the simplest relation to we 

gw or dw + Vew, where € is perfectly arbitrary so far as the strain 
is concerned, is the force exerted on the strained area w. This last 
would more properly be denoted by w’. Calling it w, and denot- 
ing by w the same vector area before strain, we have * — ae 


* By Tait’s Quaternions, 3rd ed., §§ 157, 158, we have Vyuxv=m x’ “'Vy. 
If be taken as the edges of a small parallelogram in the 
unstrained state Vu» will be its vector area; xu, xv will be the edges of 
the strained parallelogram, and Vxu xv its vector area. 


‘ 


P 
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‘ 
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Hence the force gw’ becomes = + mVex’—w. Thus 
we see that the force on an elementary area, which before strain is 
w, 1s a linear vector function of w, but even in the case when there 
is no molecular couple, this function is not in general (large strain) 
self-conjugate. If there be no rotation, this force 


= w+ mV 


If now the rotation take place this force merely rotates with the 
body, and we get for the force tw on the aren, due to the_ strain 


| 


It is not hard to see from the above that the couple per unit 
volume of the unstrained body is 2mgeg-’. The force per unit 
volume of the unstrained body can be shown by means of equation 
(3) to be rA. From these we can write down equations of motion 
in which yw occurs. To obtain equations of motion in which only 
p and its derivatives occur explicitly we must adopt a different 
method. | 

Consider w a given function, not of y as ro but of y? or y’x 
(Tait’s Quaternions, 3rd ed., § 381). Let | 


In assuming that w is given as an explicit function of the 
coordinates of ©, we are following Thomson and Tait, for these 
coordinates will be found to be the A,B,C,a,b,¢ of Appendix C of 
their Nat. Phil. 

To see the enormous advantage o1 emp! oying quaternions in pe 
questions as the present, it 1s only necessary to compare the pro- 
cesses and results of the present investigation with theirs. The 
results below are considerably more general than theirs, and yet how 
much less cumbrous. 

By the methods already so often swelied, it is easy to prove 
both the following identities :— | 


= 


- 
* 
| 
4 
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Thus we see from equation (30) that 


But we also have by equation (13) above 
= — — wl. 


Hence from p. 104 above we see that 


= X 
or 


| 


(It is easy from here to go back and prove all our previous results 
over again. Perhaps this, in fact, would be the shortest method, 
but it would not be the most natural. .To do so it is only necessary 
to notice that since ag= it can be proved that | 


ya= yay + a where the differentiations on the right are not to 
act upon y.) 


Substitute from equation (27) for V’ in the rere (17) and 
(20) of Thus 


| Noticing that since by equation (11) 


w = Sov ive: 
have 


my (A=0, 
this last equation can be written 


7A 


Senaiieling now for ¢ from eqantion (40) we have 


6 -4VMy’ + 2 2x = =0 (41), 


or 


4P 


VOL, XVIII. 29/4/91 H 


4 
' 
. 
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This is the equation of equilibrium of an elastic body (solid or fluid) 


subjected to an external force and couple per unit volume of the 


unstrained body § and 9% respectively. For the corresponding 
equation of motion we have to equate the left member of this 
equation to Dj’, where D is the density of the body at the point 
in the standard state. . 

In the case considered by Thomson and Tait (Nat. Phil., 
App. C.), both § and 9t are zero, and our equation takes the very 


simple form | 
p,8 V 1¥ dw A =Q.. (43) 


the exact quaternion equivalent of their three equations (7).* 
In connection with —— (41) and (4 2), it should be observed 
that 
= wt2x, dwo . . . . (44) 


where 7 has the same meaning as in equation ( 38). 
The next few applications will be of an extremely simple nature, . 
and will be confined to work already well known in its Cartesian 
form. 
We now assume, as is usual, that the strains are small, and that 


‘there is no external couple, and therefore no stress couple. We 
- deduce our equations as particular cases of the above, though, of 


course, if the present were our sole object, we could adopt a much 
simpler process. We may put g=1, $6=¢=a, 2v=y+,’, and 
w=. Also and of equations (36) 
=(0. Thus equation (36) gives | 


It is worth while giving one of these for comparison. I may remark that 
many of the results arrived at above, although quite simple enough in their 
quaternion form to be manageable, and therefore useful, become so extra- 
ordinarily complicated when translated into Cartesian notation as to be utterty 
unmanageable and useless. The equation referred to is 


d {dw da + } 


d{.dwda 
+ az 1 dz * da iy 


| 
« 
| 
_—— 
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Since we are dealing with small strains, it is convenient to alter 
the notation slightly. Instead of our previous y and w we shall 
now write 1+ y and 1+w respectively, so that both y and y& are 
small, and y is the pure part of x. And, further, we shall write 
p =p+7, so that 7 is the small displacement. Thus 


Since the strain is small, the stress ve. is linear in 


and .*. w is quadratic. Now, for any such quadratic expression as 
can be easily proved 


w= .. . . . (48), 
from equation (45) we have 
Wu 


: ike w, being quadratic in y, is, if es as a function of a, 
quadratic i in it. Hence 


w= 
and .°. by the last equation and p. 104 above, 


Instead of regarding w as a function of y or of a, it is perhaps 
simpler, from the mathematical point of view, to start with assum- 
ing it a given function of the first space derivatives of ny. - Let, in 


fact, 


where w(a,8,y,5) is a scalar function of the vectors a, 8, y, 8, which 
is (1) linear in each of its constituents ; (2) symmetrical in a and B, 
and also in y and § ; (3) such that the pair a, 8 may be interchanged 
with the pair y, 8 without altering the value of the function. (If 
this last is not true in the first form of w chosen, it may be made 
so by writing 42(a,B,y,5) + 4w(y,6,0,8) instead of w(a,B,y,5), as this 
does not affect equation (52).) Such a function can be proved to 
involve twenty-one independent scalar constants, which is the number — 
also required to determine an arbitiuary homogeneous quadratic 
function of the six coordinates of y. 
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We may from this form of z at once go back to that in terms of 
w by means of equation (8) above. Thus, 


or, again, by equation a | | | 
Hence by substituting — Seve for ~,, we get 


and by p. 104 


or, again, by (8), 


The equation (23) of equilibrium thus becomes in this case 


Thus in the case of isotropic bodies in which c is the compressi- 
bility and n the nigidity, we have (Mess. of Math., vol. xiv. pp. 30, 


31) 


Thus from these equations and equation (49) 


(60). 


Again, from the first of these equations and equation (8) we have 


w= + (5-2) vn, 


| 9 \ 
2w =nS V Vm +28 V1 V + (61), 
and from equation (56) 


Ww= —nSwV. - nV Sun, (m - - . (62), 


\ 
| 
Ay 
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where m stands for ¢+ _ . This last may be audied in a great 


many other ways still more simple. 
The equation of equilibrium thus becomes 


S=nVy+mVSVy .... . (68). 


As a final application in the theory of elasticity let us consider 
St Venant’s torsion problem from a quaternion point of view. Let 


r, @, 2 be ordinary columnar coordinates whose axis is parallel 


to the generating lines of the cylinder. Let A, p, v be unit vectors 
in the directions of dr, dd, dz respectively, so that 


d pd, da 
It is required to determine v a scalar function of r and $ so that 7 


given by the equation 


where + is a given small scalar constant, may satisfy (1) equation | 


(63) of qelinen, and (2) the equation © 


at every point of the curved surface; w in this case standing for 
the normal at the point. Q having the same general meaning as 
on p. 104 above, we have | 


In the case when Q is symmetrical in its constituents this takes the 
simple form 


QA V vm) + Q( v (66). 


From the first of these we have 
Vv} 
V (2 — dr?) + Vor} 
80 that and Thus equation (63) becomes 
From equations (62) and (66) above, we see that in the present 
case the stress is given by | 
ww = —nr{r(pSov + + V (68), 


f 
5 
\ 
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and therefore consists of two shears; the first of magnitude n77, 
. with faces perpendicular to » and v, and the second of magnitude 
nrTV v, with faces perpendicular tov and Vv. Assuming to be 
the normal at a point of the curved surface, and therefore perpen- 
dicular to vy, we have 
= — V(r?) + Sw Vz. 


(69), 
dn dl 9 . . 3 


where d/dn denotes differentiation along the normal outwards, and 
d/dl differentiation in the positive direction round the boundary. 
The surface traction on the plane end 


Thus 


= wv + Vv). 
Hence the total moment round the axis 


= nt ff (1? 


where dA is an element of area of the cross-section, and I is the 
moment of inertia of the cross-section round the axis. Thus the 


torsional rigidity is, as usual, aL. +/f aah). We leave the 


problem here to the theories of complex variables and Fourier 8 
theorem. 

It is in the. general theories of and _electro- 
magnetism that I have found the methods now being defended 
the most powerful. I have been led to believe that there is in all. 
the accepted theories which are based on general dynamical reason- 
ing an error of a somewhat serious character. I have also been led 
to a considerable modification and extension of Poynting’s theories. 
There are two reasons against giving these here. I have been told 
that this preliminary apology, as it may be termed, for my methods 
should be as short and simple as possible. Moreover, the greater 
part of my notes on this subject are at present inaccessible. I 
therefore limit myself in this branch to a single example. _ 

Maxwell has not investigated what are the general mechanical 
results of his electrostatic theory for crystallised dielectrics. 


‘ 
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According to him, the properties of the medium depend on six 
independent constants for each point, called the coefficients of spec. 


ind. cap. These coefficients will themselves be functions of the . 


state of the medium, and therefore in particular of its strain. 
Assume with Maxwell that _ | 


Der@.:... (10) 


where K is not a mere scalar, but a self-conjugate linear vector 
function of a vector. K is itself a function of the position of a point 
and also of the strain at the point. Here v is for obvious reasons put 
for Maxwell’s V. Assume further, that if W be the pot. en. of the 


field; D,o be the volume and surface density of electricity ; and the 


rest of the notation be identical with Maxwell’s, 


QW +f{/vDds } 


and * 


D= - SV [SDvUv], 


the last occurring only at a surface of discontinuity in D, Uv point- 
ing away from the region of the corresponding ©, and the two 
regions bounded by the surface being denoted by the suffixes 
aand 6. In future, such expressions as[ ],+[ ], will, for brevity, 
be written[ ],,, All our integrals are supposed to extend 
throughout all space; though, as K =0 for conductors, these may 
- beexcluded. The boundaries of space are the surface at infinity 
and all surfaces of discontinuity in D or ©. | 


To find the mechanical results flowing from the above assumptions, 


let p be the present (whether strained or not) vector coordinate of 

- any point, and let the medium be (additionally) strained by a small 
displacement 5y, vanishing at infinity. Let SW be the increment 
in W_ Then if 5W can be expressed in the form 


(74), 


. *In taking this for the form of W, and all upon it as follows, we are 
following Helmholtz for the particular case when K is a mere scalar. See 


Wiss, Abh., equation (2d), p. 805. For the various assumptions above see 
Maxwell’s Electricity and p Matera part i. 


(71), 


+ +4 . . . (72), 


| 
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we shall have the following expressions for § and %, the forces per 
unit voluthe and surface respectively due to the electric system. 


And, further, if $ be self-conjugate, both these forces will be 


explained by a stress ¢, as can be seen by the above work on stress. 
For proof we have by equation (3) above 


where of course the element ds is taken twice, namely, once for the 
region on each side. But 


5W = — (work done by the system %, %,, of forces) 


_ where the element ds is now only taken once. Equating coefficients 
of the arbitrary vector dy we get the required equations. — 

' To avoid difficulty at surfaces of discontinuity, 6 when applied to 
_afunction of the position of a point must be thus defined. Suppose 
that by means of the displacement 5y, any point is moved from P to P’. 

- Then Q being the value of any function at P before the displacement, 
Q+8Q will be the value at P’ after the displacement. 8Q is thus 
in all cases a small quantity of the same order as dy. With this 
meaning of 6, 8V is not=0. To find it observe that 


S(dp + 8dp)( V +8V) =SdpV 
but 8dp= -SdpV .dy 
‘Sdp3V =Sdp V ,S8n, 


whence (76), 


which might have been derived from the equation (27) V’=,’"! V. 
Assuming that the strain due to dy does not alter the charge of 
any portion of matter, 


0 = 8(Dds) = 
To find 3W, notice that | 
dds = —dsSV dy 


4r8D = 8K.G, 


and 


is 


Hence 
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and. 8(SDGds) = (28DaE - SDESV sy + SEBKE 


Also Mf v.Dds + ff8v.0ds 


WS V Dds+//svSUrDds [equations (73)] 
[equation (3)] . 


Hence 
IW = | SD(V + 36) ISDESVSy + SEIKE 

But | | | 

Viv +8E= -8V.v=- V Sdn, Vv. 


_ The increment 6K is conveniently considered as consisting of two 
_ parts—first, SK,, due to the rotation of the body ; and second, dK,, 


due to the change of shape, z.e., the pure strain. If the rotation 
vector due to Sy be «, 2.¢., if any vector w become w + Vew, the result 
of operating on w+ Vew by K +8K, must be the same as first operat- 
ing on w by K and then rotating. In symbols 


(K + 8K,)(w+ Vew) = Kw + VeKo, 
whence 
= KV ew. 
Thus | 
SEKE -SEKVeE = 8rSeDE 


whence giving ¢ its value, }V Vy, 
1 
If we put w for the at en. per unit volume we have 
w= -48DE= . (78). 


K is a function of the independent variables « and y, where y is 


the pare strain given by 


= — V , + V ,Swy,). 


— 
| 
i 
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Thus w may be regarded as a function of the independent variables 


= 
by equations (13) and (8) above. | 
Thus | 
= V SDE ES V,D+4VV VDE - ads 


SW awV,)ds . . . (79). 
Hence we see that 


and that these forces per unit volume and surface respectively can be 
supposed due to a stress ¢ given by 


From this we see that the stresses in the electric field can only be 
determined when for the particular strain existing at any point 
forty-two scalar functions of that strain are known, viz., the six 
coefficients of specific inductive capacity and their thirty-six dif- 
ferential coefficients with respect to the six coefficients of pure 
strain, 


The two parts of the stress ¢ (1) that which is ‘independent of 


the variation of specific inductive capacity with strain, and (2) 


that which depends on this variation are asec J considered : | 
separately. 
The first is. more “general than Mexwell’s, because we have acl, 
as he does in this connection, assumed that D is parallel to ©. It 
consists of a tension in the direction bisecting the positive directions 
(or negative directions) of both © and G, of magnitude {TDTG, 
an equal pressure in the direction bisecting the positive direction of 
either and the negative direction of the other, and a pressure at 
right angles to both, of magnitude —$SD€ or w. This stress, of 
course, reduces to Maxwell’s when D is parallel to G. 


The other part of the stress — a,SGK,€ can be 


' 

% 
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usefully considered when certain simplifying assumptions are made. 
In Professor J. J. Thomson’s consideration of this subject (Applica- 
tions of Dynamics to Physics and Chenustry, §§ 35 and 39), he not 
only assumes K to be a mere scalar both before and after strain, but 
he also does not consider the most general case of strain which 
involves 6 instead of 3 independent coefficients, If this last restric- 
tion had not been made, our 42 constants would have reduced to 7, 
and in his case they reduce to 4. In either of these cases the stress 


2 
is simple enough, viz., ~ yak 


* For other particular cases of the stress under consideration, see Helmholtz, 
Wiss. Abh., i. 798 ; Korteweg, Wied. Ann., ix. 48; Lorberg, Wied. Ann., 
xxi, 300 ; Kirchoff, Wied. Ann., xxiv. 52, xxv. 601. | | 


} 
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On the Interaction of Longitudinal and Circular Magnet- 
isations in Iron and Nickel Wires. (Second Note.) By 
Professor Cargill G. Knott. 


(Read February 16, 1891.) 


In a preliminary note communicated last July,* I drew attention 
to what seemed a novel property of iron wire under the combined 
influence of circular and longitudinal magnetisations. Similar ex- 
periments were subsequently tried with nickel, and similar results 
obtained. It appeared, however, that in some respects nickel behaved 
oppositely to iron. The first series of observations brought out the 
fact that a current along the nickel wire seemed to assist the ac- 
quiring, under a longitudinal magnetising force, of a polarity 
oppositely directed to the direction of the current. 

Unfortunately the necessity of stopping work during the hot 
summer months postponed the discovery that much if not all of the 
supposed curious effect in iron and nickel was due to the existence 
of a twist in the wire. It should be mentioned that the wires were. 
set up with great care, being first annealed, then brazed to terminal 
pieces, then annealed a second time under horizontal tension sufficient 
to keep them straight in a direction perpendicular to the magnetic 
meridian. To one of the terminals two copper wires, laid parallel — 
to and on each side of the nickel or iron wire, were soldered ; and 
the set of three wires was placed in position in suitably arranged — 
grooves cut along the plane surface of asemi-cylinder of wood. The 
other half of the cylinder was then superposed so as to keep the 
wires firmly in position; and the whole arrangement was lifted 
from the place where the final annealing had been accomplished 
and inserted into its position in the heart of the magnetising coil. 
Exactly when the wire got twisted it is impossible to say. It must 
have been a small twist ; but that it did acquire a permanent twist 
is sufficiently proved by later experiments in the months of October — 
and November 1890. 
is these later experiments a slightly different arrangement was 
adopted. The wire to be treated, after careful annealing, was 


* See also Phil. Mag. for September 1890. 
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slipped through a glass tube a little longer than the internal metal 
wall of the tube on which the well-insulated magnetising coil was 
coiled. This metal wall was used as the return channel for the cur- 
rent, so that all possibility of an appreciable direct electro-magnetic 
effect of the circuit upon the magnetometer was quite excluded. 
_ The end of the iron or nickle wire nearer to the magnetometer was 
gripped vice-wise by a cleft metal plug of conical shape, which, when 
pushed into the end of the magnetising coil, established good pressure 


contacts between the end of the wire and the metal wall. The 


other end of the wire projected backwards out of the magnetis- 
ing coil sufficiently to enable it to be clamped to a twisting 
gear. From this end, and from the neighbouring end of the tube 
wall, wires well insulated and well twisted together were led to the 
commutator connected with the battery. oe | 

‘It was only after a series of experiments, in which the effect 


mentioned in my earlier note was observed to take place sometimes — 


in one way and sometimes in the other, that I came to the conclusion 
that there must be an original permanent twist in the wire. Thick 
wires showed comparatively small effects, steel wire showed the 
effect only when it was drawn thin, and so on. Nickel wires be- 
haved in an especially confusing manner, even after the greatest 
care was taken to insert them untwisted into the magnetising coil. 
The twisting gear mentioned above was added to the apparatus so 
as to make a direct experiment upon the effect of a small voluntarily 
applied twist. That large twists might reasonably be expected to 


produce peculiar disturbances in the magnetic distribution under the 


- combined influence of longitudinal and circular magnetisations will 
be at once admitted when it is remembered to what an extent twist- 
ing affects the result of either taken alone. I was not prepared, 
however, for the pronounced influence exerted by even a small twist 
previously existing in the wire upon subsequently applied longi- 
tudinal and circular magnetisations. | 

- To prevent the possibility of such twists being inadvertently 
applied, the wire was, in the later experiments, annealed with a 
weight hanging free at the oneend. This left the wire permanently 
magnetised under the influence of the earth’s vertical field ; but in 
the stronger cyclic field to which it became subjected the wire soon 
lost all trace of this original polarity. After being annealed the 


j 
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wire was gently lowered without rotation by means of a screw until 
the weight came to rest on a shelf. The wire was then sharply cut 


a little above its lower end, the glass tube slipped over it, and a 


second severance made near its upper end. The glass tube with 
contained wire was next inserted into the magnetising coil, and the 
ends carefully clamped after the manner already indicated. In the 
following table the results of one experiment with the iron are given. 
The word “current” means the current along the wire; the word 
“field” means the longitudinal magnetising force to which the 


wire was subjected. A current is positive when it flows in the 
- direction of the lines of force, of what is conventionally taken as 


the positive field—that is, in the experiments under consideration, — 


- towards the east. Under the column headed “‘ range” is given the 
range of scale readings corresponding to the cyclic variation of field — 


under the circumstances indicated. The column headed “ polarity ” 
contains the mean of the extreme scale readings. 


For Iron Wire of Diameter 0:94 mm. 


Current. Field. Range. Polarity. 
0 —6 
+2°2 | -7'5 
180 ~7 
0 317 
0 
+1°47 208 -5 
~1°47 206 
0 325 | -7'5 
| +0°83 275 —5°5 
287 
282 | -7 


Here, the only apparent effect of passing a current along the wire 
is to decrease the range of intensity due to a given cyclic variation 


_ of field. The susceptibility is markedly diminished, and the more 


so as the current is taken stronger. ‘There is not the least evidence 
of an accumulated polarity changing sign with the current, as de- 
scribed in my first note. 


In the next series of experiments the wire (current and field being 


both zero) was twisted right-handedly through an angle of 10° in a 


| 
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length of 48 centimetres, or 124 minutes per centimetre length. 


The results obtained were as follows for this and other twists, all 
indicated in the first column :— 


Twist. Current. Field. Range. | Polarity. 
0 + 343 + 15 
+21 4+12°5 
197 18°5 
+25’ 0 350 ~§ 
+21 195 +17°5 
—~2°] 167. — 
+2'1 202 —4 
0 421 ~155 
211 
37°5 0 357 + 15 
+2°1 205 —10°5 
206 + 5 


In Part IT. of my paper on certain relations between magnetism 
and twist on twisted iron and nickel wires,* I have worked out in 
detail the changes of longitudinal polarity produced by twisting a 
wire when a current is passing along it, or by reversing the current 
along it when the wire is twisted. In the latter case, if the wire is 


twisted right-handedly (so that any line in it originally parallel to | 


the axis becomes a right-handed screw), the longitudinal intensity 
is co-directional with the current in iron, anti-directional in nickel 
—a fact first established by Wiedemann. In the light of this fact, 
the experiments just described become intelligible. The sign of 


the polarity acquired is to a large extent determined by the twist in — 


the wire. In the fourth series, in which the wire was untwisted 


* Not vet published. See, however, a short paper on ‘‘ Magnetic Priming 
and Lagging in Twisted Iron and Nickel Wires,” Journal of the College of 
Science, Imperial University, Japan, vol. iii. (1889)—Abstract in Wiede- 
mann’s Beiblitter, vol. xiii. | | 
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back to its first stage of positive twist, there is a hint at a change in 
the law of the acquired polarity. It is obvious, however, that this 
is simply the result of torsional after-effect. The wire, in fact, has 
become elastically untwisted, although it has not become so as‘ 
regards the relative positions of its end-sections. On continuing 
the untwisting past the original zero, we find that it is some time 
before a pronounced effect is produced. Even for the twist —37''5 
the difference in the average polarities for the two directions of 
current attains to nothing like the first difference for the twist of 
+37'5. This comparative vanishing away of the polarity differ- 
ence effect as the wire is partially untwisted is quite analogous to 
what is observed when, with no sustained longitudinal magnetising 
force, the current along a wire is reversed at different stages of 
untwisting. | 

There is one particular, however, in which the results of the 


present experiments differ from what might be expected if the 


accumulation of polarity was simply due to the magnetic effect of 
the current along the twisted wire. 

First, it should be noted that the twist in a wire subjected only 
to the magnetising influence of a longitudinal field varied cyclically 
has no determinate effect in causing a change in the average 
polarity. Whatever be the polarity produced by a current passing 
along the twisted wire, we might naturally expect a cyclic field 


superposed thereon to give rise to a symmetrical variation of 
magnetic intensity about ‘this acquired polarity asa mean. Con- 


sequently the difference of the average polarities for positive and 
negative currents should be equal to the range of polarity when the 
current is reversed in the twisted wire. As a fact, however, it is 
much greater. For instance, in the case given above for twist + 25’ 
the range of polarity produced by reversing the current, the field 
being zero, was only 25; whereas the difference of polarities as 
given in the table is 42. Similarly, for twist +37':5, the range. 
was 49, as compared with the difference 82°5; for the (second) 
twist 12'5 the range was zero; and for twist the range was 
6, as compared with the difference 15-5. 

The same peculiarity is shown to a more pronounced extent in 
nickel wire, of which I give here only one experiment. In spite of 
the greatest care in setting up the nickel wire, a change of average 
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polarity was in this case obtained at the first putting on of the 


current. 


The necessary fingering of the wire when clamping its 


ends seemed to give a slight twist, sufficient, however, to produce 
the effect spoken of. We may suppose the existence of the effect 
I shall call 


to prove that a twist did originally exist in the wire. 
for convenience this unknown initial twist 2’. 


The results are 


these :— | 
For Nickel Wire of Diameter 0°9 mm. 
Twist. Current. | Field. Range. Polarity. 
a! 0 + 273 + 20°5 
42°43 240 +113 

— 2°43 238 465 

+ 12"5 0 287 + 29°5 

42°43 237 ~ 66°5 
— 2°43 +102°5 


In the first series (for twist z’), the range. of polarity due to the 


reversal of the current was only 10, whereas the difference of the 
average polarities associated with positive and negative currents is 
as much as 159°5. It will be noticed that in passing from twist 2’ 
to twist a’ + 10’, the sign of the difference of polarities changes 
from positive to negative ; while the amounts of the differences are 
nearly the same. This would indicate that a’ had a value of approxi- 
mately —5’; so that x'+10 becomes +5’. 
satisfied, however, that (in nickel wire at any rate) there does not 
exist a measurable difference of polarities due to the current only. 
The great difficulty is to be sure that no twist exists in the wire ; 
for it is quite evident that a very small twist is sufficient to produce 
a very large average polarity, when the wire is subjected to a steady 
circularly magnetising force in conjunction with a cyclically vary- 
ing longitudinal field. If the effect is due only to the twist in the 
wire, we have here an extremely sensitive process for demonstrating 
_ the existence of a twist, especially in nickel wire. 

The whole subject calls for more detailed discussion ; and I am 
impelled to communicate these earlier results chiefly with the desire 
of correcting any false impressions that my preliminary note of last 


July might very easily give rise to. The facts there described are 
VOL. XVIIL 30/4/91 
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accurate ; but we see now that the more curious of them are com- 
paratively easily explained as being due to an initial twist in the 
wire of a few minutes per unit length. This is true not only of the 
average polarity acquired, but also of the asymmetrical form of the 
curve with reference to the line of zero field. For, as may be seen — 
by a study of Ewing’s curves (e¢.y., Phil. Trans., plate lx. fig. 17, 
1885), such an asymmetry exists in a cyclic curve taken about a 
mean value of field other than zero. Now here we have a finite 
mean value of longitudinal intensity supported by the current along 
the wire. If, in the curves shown in the preliminary note, we shift 
the upper narrow graph to the right and the lower one to the left 
so that their'mean points have abscisse equal to the longitudinal 
fields corresponding to their ordinates regarded as intensities, we 
shall see at once a sufficient reason for their asymmetrical form. 

All that can be safely said regarding the effect of a current along 
an iron or nickel wire, upon the susceptibility of the same to a 
longitudinal field, is that the susceptibility is markedly diminished, 
and that the residual magnetism* falls off more quickly than the © 
total reduced magnetism. In other words, a current along a wire 
diminishes the hysteresis (to use Ewing’s word) relatively to a 
cyclically varying longitudinal field. The former conclusion agrees 
with the result obtained by Schultze (Wied. Ann., xxiv., 1885) 
in his experiments on the reciprocal action of mutually perpen- 
dicular magnetisms. He experimented with iron and steel tubes, 
and the circular magnetisation was induced by currents altogether 
outside the iron. He does not seem to have discussed the properties 
of cyclic magnetic graphs, or even the ratio of the residual to the 
total induced longitudinal magnetism, with or without the circular 
magnetism. It is therefore impossible at present to say whether — 
the diminished hysteresis here noted is due to the magnetic effect 
of the current in the wire, or, as is perhaps more probable, to the 
direct vibratory action of the current upon the molecules, thereby 
accelerating the breaking up of unstable molecular groupings. 


* The experiments proving this are reserved, as not being quite completed. 
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On the Composition of some Deep-Sea Deposits from 
the Mediterranean. By J. Y. Buchanan, Esq., F.R.S. 


(Read January 9, 1891.) 


The muds, the analyses of which are reported in this paper, were 
collected in September 1879, during the laying of a cable between 
Marseilles and Algiers by the India Rubber, Gutta-Percha, and Tele- 
graph Works Company, Limited, of Silvertown, the ship employed 
being the s.s. “ Dacia.” The numbers of the samples are those 
which were affixed to them on board ship. Nos. 31 to 43 are all 
from localities lying near the African Coast; Nos. 45 and 46 are 
from positions between the African Coast and the Balearic Bank. 
Nos. 64 and 65 are from the Balearic Bank, and Nos. 86 to 89 are 
from the Gulf of Lyons. The positions and depths are collected in 
Table I. | | 


TABLE I.—Giving the Positron of the Ship where each Sample of 
~ Mud was Collected, and the Depth of Water there. 


Position. 
No. of Sample. | =” | 7 Nature of Bottom. ttathene). 
| Latitude N. | Longitude E. 
31 36 574; 3 21 Soft mud. 1080 
32 37. 3 ! 3 17 | 1238 
35 Clayey mud. 1258 
36 37 94 3 23 Mud. (1348 
39 3/7 12 631 1454 
41 37 21 3 38 Soft mud. 1502 
48 37 39 3 53 1536 
45 37 56 1494 
46 38 11 4 6 cs 1469 | 
39 26 4 36 782 | 
65 39 35 4 40 . ee 646 
86 42 47 5 114, Grey ooze. 780 
87 | 42, 53 § 184 Clayey mud. 542 
88 —6443—~«*“8S 5 12 Mud and ooze. 530 | 
89 48-15 5 15 Mud. 965 


The samples, as received, were in the condition in which they 
had been collected, having been transferred from the sounding-tube 
to the bottle without any form of preparation or drying. Some 
were therefore much wetter than others, and the diversity in their 
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condition in this respect is well shown in the percentage column of 
Table II. The actual state of the mud when put up in the sample 
bottle on board depends on so many fortuitous circumstances that no 
physical importance must be attached to the figures in this Table. In 
order to bring all the muds, as far as possible, into a similar condition, 
they were heated in the water-bath until they ceased to lose weight. 
It was necessary, therefore, to determine their weights, and they 


_ have accordingly been tabulated, and will give roughly an idea of 
the difference between a wet mud and a dry one. 


Taste II. Preparation of Substance for Analysis.—About half of 
the sample was placed in a tared porcelain basin and dried in the 
water-bath till it was in a fit form for handling. It was then 
weighed, and the loss of weight called water. 


Tasie Il.—Preparation of Samples for Analysis, b y Drying on the 


Water-Bath. 
Weight of | Weight of Loss Per cent. | 
Mud taken | Muddry | (grammes). | of Luss. , 
No. of (grammes). | (grammes). ae ‘| 
Sample. — 
31. 28°4 19°3 9°] 32°04 
32 23°8 18°15 9°65 23°71 
35 22°9 15°3 7°6 
36 23°0. | 16°4 6°6 28°69 
39 14°7 11°7 3°0 20°40 
41 26°3 16°9 9°4 35°73, 
48 29°5 20°0 9°5 32°20 | 
45 251 | 202 4:9 19°52 
46 19°9 16°1 3°8 19°09 
64 24°6 19°7 4°9 19°91 
65 27°3 11°2 29°09 
86 25°4 192 62 24°41 
87 | 25°4 20°7 4°7 18°50 
a 29°5 19°8 9°7 33°25 
89 22°0 16°9 5°1 23°18 


The dried portion was broken up in an agate mortar, and pre- 
served in a well-stoppered bottle. Sufficient quantities of each 
sample were thus prepared in a uniform manner, and the bottles in 
which they were preserved were carefully weighed and kept under 
a bell-jar. In this way any alteration in the substance is at once 
detected. If this precaution be not taken it is necessary, in dealing 


- with substances which are more or less hygroscopic, to weigh out at 
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once all the portions of any one sample which will be required for 
the various determinations which are to be made, in order to be 
certain that a uniform material is used for each. This is attended 


with much inconvenience, which is obviated by preserving the 


sample in such a way that it will be unlikely to alter, and by keep- 


ing strict account of its weight, so as at once to detect any alter- 
ation which may occur. 2 


TaBie [II.—Determination of Loss on Ignition, and of the Water 
and Carbonic Acid expelled thereby. 


Weight of Sample. Weight of | Weight | 3 
Per cent. Water /Percent. of CO, | 
| Loss of absorbed| of | absorbed Percent.) 
| Before After (grammes)| Loss. by CaClo | H,0. | by Soda- , of COQg. 
Heating | Heating (grammes) lime 
(grammes) (grammes) (grammes) 
3 
a b | c=a-b d=1007 f=1005 g i 
31 | 0°8180 | 0°7905 | 0°0275 | 3°36 , 0°0327 | 3°99 | 0°0086 ,; 1°05 (1°68 
82 | 0°7114 | 0°6873 | 0°0241 | 3°38 0:°0200 | 2°81 | 0°0125 1°75 | 1°18 
85 | 0°8978 | 0°8670 | 0°0308 | 3°38 | 0°0200 | 2°22 | 0°0240 | SO? i -1B1it 
| 36 | 0°7337 | 0°7068 | 0°0269 | 3°66  0°0242 | 3°29 | 0°0120 | 1°63 1°26 
39 | 0°6940 | 0°6702 | 0°0238 | 3°42 | 0°0205 | 2°75 | 0°0007 | 0°10 |-0°57 
41 | 1°0103 | 0°9724 | 0°0379 | 3°75 | 0°0822 | 3°18 | 0:0000 , 0°00 | —0°57 
43 | 0°7640 | 6°7363  0°0277' | 3°62 | 0°0252 | 3:22 | 0°0041 , 0°53 0°20 
45 | 0°4669 | 0°4539 | 0°0130 | 2°90 | 0°0168 | 3°59 | 0°0083 | 1°77 2°46 
46 | 0°5529 | 0°5317 | 0°0212 , 3°83 , 0°0156 | 3°00 | 0°0088 | 1°59 0°76 
64 | 0°5160 | 0°4598 | 0°0562 '10°89  9°0451 | 8°74 | 0°0084 1°62 | -0°53 
65 | 0°6972 0°6551 | 0°0421 6°03 | 0°03864 | 5:22 | 0°0090 129 0°48 
86 | 0°7951 ; 0°7500 | 0°0451 5°67 | 0°0801 | 5°68, 0°0182 2°29 2°30 
87 | 0°7999 | 0°7442 | 0°0557 | 6°96 | 0°0236 | 2°95 | 0°0300 8°75 | -—0°26 
88 | 0°6339 | 0°6071 | 0°0268 | 4°22 _ 0°0207 | 3°26 | 0°0137 2°16 1°20 
89 | 0°6010 | 0°5663 | 0°0347 | 5°77 = 0:°0220 | 3°66 | 0°0065 1°08 | -1°03 


Table III. Determination of the Moisture, Carbonic Acid, and 
Total Loss.—A quantity of the substance was weighed into a 
porcelain boat, placed in a combustion tube, and heated strongly 
in a current of air freed from moisture and carbonic acid by 
passing it through a tube filled with soda-lime and another filled — 


with calcium chloride. The water was collected in a calcium 


chloride tube, and the carbonic acid in a soda-lime tube, and 
weighed. The boat was again weighed after the heating, and the 

difference in weight is called total loss. In every case the mud was 
of a reddish colour after heating. It will be observed that in all 


cases the loss of weight of the substance is different from the gain 
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of weight of the tubes; as a rule, it is decidedly less. In so 
complex a substance as a deep-sea mud it is impossible to account 
for this in detail; but organic matter, which is never absent from. 
such muds, would, by its oxidation, increase the weight of the tubes 
at the expense of the air, while the oxidation of the fixed com- 
ponents, such as ferrous oxide, would have a like effect on the 
ignited mud. The figures, therefore, in the Table give a complex 
result, from which it is impossible to isolate the separate items. It 
is evident, from the general agreement of the figures, that the drying 
process (Table II.) has brought the various icc into: a very 
fairly comparable condition. 

Tasue IV. Determination of the Carbonic Acid.—A weighed 
quantity of the substance was placed in a flask and sulphuric acid 
added. The carbonic acid was collected in soda-lime tubes, being 
first dried by passing it through a U tube filled with pumice, 
moistened with concentrated sulphuric acid, and a tube filled with 
calcium chloride. 


Tarte [V.—Determination of Amount of Carbonic Acid. 


Weight of CO. | Weight of CO, 
Weight | absorbed b absorbed b Total | percent. | Per 
Sodalime 2nd Soda- ‘lime cot 
(grammes). | (grammes). (grammes). (grammes). 2 CaCO; 
a b d=b+e e=1005 
31 1°7395 0°1396 0°1396 8°037 18°3 
32 1°13846 0°0987 0°0987 | 8°10 18°4 
35 . 1°5251 0°1268 0:001 0°1269 8°38 19°1 
36 1°5970 © 0°1385 0°0006 0°1391 8°71 20°0 
39 1°0160 0°1083 0:0017 0°1100 | 10°83 
41 1°3468 0°1238 ree 0°1238 | 9°19 | 21°0 
43 1°5683 0°1600 0°1600 | 10°10 23 °6 
45 1°3200 0°1853 0°0002 0°1855 =| 14°05 32°4 
46 1°2864 0°2165. 0°0009 0°2166 | 16°82 38°2 
64 1°1379 0°2378 0°2378 | 20°90 47°1 
65 1°8921 0°3129 nee 0°3129 | 16°08 36°6 
| 12456 | 0-1767 01767 | 14:19 | 32°5. 
87 1°4805 0°1909 © 0°1909 | 13°34 30°8 
88 1°5087 0°2131 0°2131 | 14°12 32°5 
89 1°4595 0°2024 0°2024 | 13°87 31°8 


The flask was boiled to expel the gas, and a current of air, free 
from carbonic acid, was drawn through the apperstus to sweep out 
all the carbonic acid. 
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Near the African coast the amount of CO, varies between 8 and 
10 per cent. It increases with distance from the land, being no 
doubt less masked by land debris. The maximum 20-97 of CO, 
(47°17 CaCO,) is found on the Balearic Bank. The depth here 
was only 782 fathoms, and the land drainage is insignificant. 


quantity of the substance was placed in a porcelain basin and 
100 c.c. of 20 per cent. hydrochloric acid added. The basin was 
placed on a water-bath and evaporated to dryness. It was then 
placed on an air-bath and heated so as to convert any soluble silica 
into the insoluble form. Then it was treated with hydrochloric 
acid and filtered. The precipitate was weighed, and called the 
“yesidue.” | 

(B) The “residue” was fused with potassium sodium carbonate, 
and the silica determined in the usual way. 


V. of the Residue Insoluble 20 cent. 
HCl, and of the Total Silica. 


Taste V. Treatment with Hydrochloric Acid.—(A.) A weighed _ 


Weight Weight. of | Per cent. | Per cent. Weight f | Per cent. | Pet Son. 

of Sample | Insoluble of e | of Si0, Si0» 

No: of taken Residue | Insoluble Residua in Tnsotahie 
Sample (grammes). | (grammes). | Residue. Acid. (grammes). Sample. 
b ad | d 

a b c=100- 100—c d 

31 1°4796 0°8836 59°72 40°28 0°6456 43°64 |. 73°06 
32 1°8465 1°0952 | 59°31° | 40°69 0°8071 43°71 73°69 
35 191713 | O° 4136 35°31 64°69 0°3213 27°43 78°08 
36 0°8916 | 0°5896 66°13 | 33°87 0°3772 | 42°31 63°98 
39 1°1890 0°6561 55°18 44°82 0°5276 | 44°37 80°41 
41 -1°7195 0°9598 55°81 44°19 | 0°73387 | 33°89 76°44 
43 19403 1°0937 56°37 43°63 0°7219 32°41 66°00 
45 1°3528 0°5774 42°68 57°32 0°4433 32°77 76°77 
46 1°5053 0°5895 39°16 | 60°84 0°4715 31°32 79°98 
64. 1°3351 0°3755 28°13 71°87 0°2966 22°21 78°98 
65 1°4602 0°4244 29°06 70°94 0°2160 | 14°79 50°89 
86 1°7149 0°8339 48°63 51°37 0°5851 34°12 70°16 
«87 1°4539 0°6300 43°23 56°77 0°5349 36°79 85°10 
88 1°5478 0°7622 49°25 50°75 0°5820 37°60 76°36 
89 | 1°6682 | 0°8015 | 48°04 | 51°96 | 0°6300 | 37°68 | 78°60 


TaBLE Va. Estimation of Iron and Alumina.—The hydrochloric 
acid solution (the filtrate from the insoluble residue) was peroxidised 
with potassium chlorate, and ammonia was added till the precipitate 

locally formed was very slow in dissciving. Acetate of ammonium 
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was thea added, and the mixture boiled and filtered, and the pre- 
cipitate washed. The precipitate was dissolved in hydrochloric 
acid, and ferric hydrate precipitated with pure caustic potash in a 
platinum basin. It was then diluted and filtered, ignited and 
weighed. ‘To the filtrate ammonium chloride was added, and the 
solution boiled till ammonia ceased to come off. The ~recipitate 


was filtered, ignited to Al,O,, and weighed. 


In the Fe,O, the variations are not great. The minimum, 3°45 
per cent., is on the Balearic Bank, and the maximum, 6°64, in the 
deep water near the African shore. In this neighbourhood all the 
muds have large amounts of Fe,O, and small amounts of Al,U,, 
except No. 35, where the amount of Fe,O, is small and that of 
Al,O, very large—in fact, the maximum (12°3 per cent.). It is 
remarkable that at No. 41 we find the maximum of Fe,O, (6°64 per 
cent.), and the minimum of Al,O, (1°3 per cent.). The deep water 
between Africa and the Balearic Islands covers muds comparatively 
rich both in Al,O, and Fe,O,; on the Balearic Bank the amounts 
are sniall, and i in the Gulf of Lyons moderate. _ 


TaBLE Va.—Determination of Fe,O, and Al,O, in Hydrochloric 


Acid Solution of Table V. 


Weight of | Weigh Weight of | 
|. Per cent. of | Per gent. of 
No. of (grammes). (grammes). C3 ‘3° (grammes). ous 
Sample. 
a ! b e=100" d e=100“ 
31 1°4796 0°0826— 5°dD8 0°0208 1 37 
32 1°8465 0°0991 ia, 0°0415 2°45 
35 1°1713 0°0452 3°86 0°1441 12°30 
36 1°5547 0°0956 6°17 0°05388 3°46 
39 11890 6°54 00460 3°87 
41 17195 071060 6°64 1°30 
48 1°9403 |  0°1235 6°22 0°1864 9°60 
0°0720 4°23 0°1889 10°27 
| 46 1°5053 0°0732 4°86 -0°1645 10°93 
64 1°1908 0°9505 4°24 0°0302 2°54 
65 0°0472 3°45 0°0292 2°04 
86 1°7149 -0°10738 6°26 0°0920 4°26 
87 1°4539 0°0783 5°39 0°1212 Re 
88 1°7470 0°0763 4°37 0 ‘0680 3°89 
89 1°6682 0°0726 4°42 0°0765 4°58 


VI. Estimation of FeO and Fe,0,.—A weighed quantity 
of the substance was placed in a 200 c.c, flask and the flask filled 
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Balance In- Balance | 

No. | | Soluble in | | Fe203. | A203. | CaCOs. | soluble 
termined. |. §% | termined. | HCl. 

31 | 43°64; 16°08 | 59°727 5°58 | 1°37); 183 | 3°36| 11°67 40°28 
32 |43°71| 15°60 | 59°31] 5°37 | 2°45) 18°4 | 3°38) 11°09 | 40°69 
35 | 27°43 7°88 35°31] 3°86 | 12°30; 19°1 | 3°38 | 26°05 64°69 
36 | 42°31| 23°82 | 66°13] 6°17 | 3°46; 20°00] 3°66) 0°58 33°87 
39 | 44°37 | 11°45 |55°18].6°54 | 3°87 | 24°5 | 3°42 6°49 44°82 
41 | 33°89 | 21°92 55°81} 6°64 | 1°30) 21°0 3°75) 11°50 | 44°19 
43 | 32°41] 23°96 | 56°37] 6°22 | 9°60; 23°6 | 3°62 0°59 =| 48°63 
45 | 32°77 9°91 42°68} 4:23 | 10°27 32°4| 2°90 7°52 57°32 
46 | 31°32| 7°84 39°16] 4°86 | 10°93 | 38°2 | 3°83 3°02 | 60°84 
64 | 22°21 5°92 28°13 | 4:24 | 2°54) 47°1 | 10°89 7°10 71°87 
65 |14°79| 14°27 | 29°06] 3°45 | 2°04| 36°6 | 6°03) 22°82 70°94 
6 | 34°12| 14°51 | 48°63] 6°26 | 4°26) 32°5 | 5°67 2°68 51°37 
7 | 36°79 5°44 43°23] 5°39 | 8°34); 30°8 | 6°96 5°28 56°77 

| 88 | 87°60; 11°65 | 49°25] 4°37 | 3°89! 32°5 | 4:22 5°77 50°75 
89 | 37°68| 10°36 | 48-04 4:42 | 4:58| 31°38] 5°77) 5°39 | 51°96 
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with carbonic acid gas. 20 cc. of strong hydrochloric acid were 
also added, and the flask fitted with a cork pierced by a tube with 
an india-rubber valve. It was then heated on the water-bath for 
half-an-hour, filled up with boiling distilled water, corked, and 


allowed to cool. 50 c.c. were taken for analysis, and titrated first 


MnO 


50 4 grammes per litre; and 


with potassium permanganate of = 


then with stannous chloride. 

The stannous chloride used in the case of samples 31 to 46 was 
of such a strength that 1 c.c.=0°0047 grms. Fe,O,, and in the case 
of samples 64 to 89, 1 c.c. =0°0042 grms. Fe,O,.. From the figures 
in Table VI. it will be seen that the bulk of the iron extracted in 
this way is in the ferrous state; while from column m the total — 
amount of iron, expressed as Fe,0,, extracted in this way is only 


from 40 to 50 per cent. of the amount extracted by prolonged 


digestion. 


Taste VII.—Summary, Percentage Composition of Muds. 


In Table VII. the results of the foregoing Tables are collected so 


as to facilitate comparison of the general composition of the different 
muds. | 


- 
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On the Temperature of the Salt and Fresh Water Lochs 
of the West of Scotland, at Different Depths and 
Seasons, during the Years 1887 and 1888. By John 


Murray, LL.D., Ph.D. 
(Read February 16, 1891.) 


THE temperature observations recorded in this communication 
were all taken from the yacht ‘ Medusa,” except those in Loch 
Morar, which were made from a small rowing-boat, but the same 
instruments and the same methods were used as in the other lochs. 
All observations beneath the surface were made by means of 
Messrs Negretti & Zambra’s reversing thermometer in the Scottish 
frame. The readings are published as they were observed, except 
that the instrumental correction is applied. The readings may, as a 
rule, be taken as exact to one-tenth of a degree when the sea was 


smooth, and when the temperature of water and air had a range — 
less than six degrees. Experiments have shown that if a ther- 


‘mometer be reversed in water at 40°:0, and then brought to the 
temperature of 46°-0, it would change its indication slightly, and 
would read 40°:1. At first sight it would appear sufficient to sub- 
tract 0-1 from the reading for each 6° of excess of air temperature 
over that registered by the instrument, and to add similarly in case 
the air temperature should be lower. This has not been done, 
because it was believéd that, in summer at least, the cooling caused 
by evaporation from the wet instrument would reduce its temper- 
_ ature very considerably, and probably enough to make no correction 
“necessary. 
_ When it was possible to do so temperature was aaned at very 
short intervals of depth, wherever there was a sudden change. For 
_ this reason, and in order to make it easy to compare conditions at 
any one depth, the somewhat diffuse plan of recording the readings 

was adopted. 

Air temperature was observed by means of the sling Seciiiasinn 

Tne hour mentioned is in each case that at which the observation 
was commenced. 

The weather being “ bright ” or “dull” means that the sky was 
not much clouded and the sun shining, or that it was overcast. The 


sea was always smooth, except where the contrary is noted. In 


| 


3 
“a 
4 
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cases where the sea was “rough,” the thermometer readings are — 


liable to a little uncertainty, on account of the motion of the vessel. 
With reference to the observations in the lochs of the Clyde sea- 
area, they were made.during a series of trips at different seasons of 
the year, and the results of each trip are placed in chronological 
sequence as far as the geographical arrangements adopted permit. 
The arrangement adopted for presenting these data is that of the 
natural districts into which the physical conformation divides the 
region under investigation. The districts are—(1) the Estuary, 


extending from Bowling to Greenock; (2) the Gareloch; (3) 


Dunoon Basin, which runs as a trough of about 40 fathoms in 


depth from the Dog Rock at the mouth of Loch Goil, through — 


lower Loch Long, past Dunoon, and terminates a little to the north 
of the Cumbraes ; (4) Loch Long, above the junction with Loch 
Goil ; (5) Loch Goil ; (6) Holy Loch ; (7) Kyles of Bute, including 
under this name the shallow water between Ascog and Toward, as 
well as the Kyles proper, and Loch Ridun ; (8) Loch Strivan; (9) 
Arran Basin, which includes the Firth of Clyde, from the south 


end of Arran to the Cumbraes, Inchmarnoch Water, Kilbrennan 


Sound as far south as Davaar Island, and lower Loch Fyne up to 


within one mile of Otter Ferry ; (10) Loch Fyne, above Otter; (11) 
the Plateau, extending from Davaar Island and the Mull of Can- 


tyre across the south end of Arran and Ailsa Craig to the Ayrshire 
coast ; and (12) the Channel beyond this plateau. 
The observations are arranged under each of the twelve natural 


districts, as far as possible in regular succession for each trip, from 


one end of the district to the other. Asa rule, observations were 
made always in the same position during each trip, and it has been 
considered sufficient to designate these positions briefly in the record 
of temperature. The following statement will serve to fix them 
precision :— 


Estuary. —Observations made in mid- channel when the places 
| specified were just abeam. 
made a few hundred yards 
off the pier. 
Row (I.)—In about 12 fathoms, just seaward of Row Point. 


Row (II.)—In about 25 fathoms, } mile above the point, and 
in the centre of the loch. 


4 
' 
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Shandon—In 21 fathoms, centre of the loch, opposite Balernock 
Pier. 

Head—In 10 fathoms, at the buoys. 

Dunoon Bastn.—Dog Rock—40 to 50 fathoms, $ mile 8. by W. 

of Dog Rock. | 

Coulport—42 fathoms, mony between Coulport and Arden- 
tinny. | 

Blairmore—30 fathoms, mid-loch, opposite Blairmore. 

Strone Point—30 fathoms, $ mile E. of the point. 


Gantock.—50 fathoms, 4 mile S. of Gantock Beacon, off | 


Dunoon. 
Cloch—50 fathoms, $ mile N.W. of Cloch Light. — 
Wemyss.—40 fathoms, } mile N.W. of Wemyss Point. 
Knock Hill—40 fathoms, ? mile off shore W. of Knock Hill. 


Locu Lonc.—Centre of the loch, opposite the places named. At 
| Arrochar, one station in 15 fathoms, has the ‘“ Cobbler” 
bearing N.N.W.; the other, 9 fathoms, is just off the pier. 
Locu Go1t.—Mouth—Midway between Corryn and Bird Point. 
Stuckbeg—40 fathoms, middle of loch, opposite Stuckbeg. 
Heal—27 fathoms, off Lochgoilhead Pier. 


Hoty Locu.—Mouth—16 fathoms, midway between Strone Point 
Hunter’s Quay. 
Head—10 fathoms, between Sandbank and Kilmun. 


Kyies or Burs.—Ascog—23 fathoms, 1 mile off opposite 

Ascog. 

Bogany—27 fathoms, + mile N.E. of Bogany Point. 

Toward—tT fathoms, between soware Point and Toward Bank 
Buoy. 

Rothesay—20 fathoms, mouth of Rothesay Bay. 

Strone Cotes—20 fathoms, mid-channel, opposite Strone Cotes. 

Angle—25 fathoms, mouth ef Loch Ridun, between Burnt — 
Islands and Caladh Island. 

Ormidale, Loch Ridun—12 fathoms, off Ormidale Pier. 

Achanlochan—15 fathoms, in West Kyles. 


Locu Srrivan.—Mouth—33 fathoms, midway between Ardine 
Point and Strone Point. | 
Clapochlar—35 fathoms, mid-channel, off Clapochlar Point. 
Head—13 fathoms, } mile from head of loch. — 
ARRAN DBasin.—Largybeg—60 fathoms, 2 miles S.E. by E. of Largy- 
beg Point, Arran. 
Brodick—90 fathoms, Goatfell bearing W.N.W., Garroch Head 
 N.N.E.; 53 miles from Brodick. | 
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Garroch Head—60 fathoms, midway between Garroch Head 
and Little Cumbrae Light. 

Villean—60 fathoms, midway between Uillean Point and Tan 
Buoy. 

Imacher—75 fathoms, midway between Imacher Point and 
Carradale, Kilbrennan Sound. 

Areverga—70 fathoms, 1 mile W. of Areverga Point, Kilbrennan 


Sound. 
Inchmarnoch—85 fathoms, midway between Inchmarnoch and 
Cock of Arran. 


— Ardlamont—30 fathoms, midway between Ardlamont Point 
- and Etterick Bay, Kyles of Bute. 
Skate Island—104 fathoms, 1 mile W. of Skate Island, Loch 
Fyne | 
Oiter (I.)—30 fathoms, 1 mile W. of Otter Beacon, Loch - 
Fyne. 
Fyne,—Ofter (II. Otter (J7I.)—1 and 2 miles respectively 
| N.E. of Otter Beacon. The other stations in Loch Fyne 
are in mid-channel, opposite Gortan’s Point, Furnace 
Quarry, Pennimore, Strachur, Inveraray, Dunderave 
Castle, and Cuill. | 
PiaTEav.—Sanda—A few miles to the E. of Sanda Island. 
Pladda—1 wile 8. of Pladda Island. 
Rhuad Point—4 mile off shore at Rhuad Point. 
Ailsa—1 mile N. of Ailsa Craig. 
CHANNEL.— Mull of Cantyre—70 fathoms, 2 miles S. of Mull of 
Cantyre Light. 
Deas Point—35 fathoms, $ mile, 50 fathoms, 1 0 S. of 
Deas Point. 
Maidens—63 miles N.E. of Maidens Light. 
Corsewell—9 miles N.W. of Corsewell Light. 


N.B.—AlIl the bearings given above, and the direction of wind in 
all the observations, are magnetic. 


The observations in the lochs to the north of the Clyde sea-area 
are for the most part limited to the spring and summer months, but 
are very interesting for the purposes of comparison, as well as 
valuable in themselves. | 
Many of the observations recorded in the following Tables were 
taken with the special object of detecting the effect of winds on the 
distribution of temperature in the waters of the lochs. It was 


“i 
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found that when the wind was off-shore, or down from the heads of 
the lochs, cold water was brought to the surface in summer; in 
winter, on the other hand, warm water was brought to the surface 
from the deeper portions of the lochs. It will be seen that when. 
the sea-lochs have a depth of 80 or 100 fathoms, the warmest water 
is found at the bottom in the months of December and January, 
and the coldest water in June and July. 

A large number of temperature observations taken in the 
western lochs of Scotland from the ‘ Medusa” in previous years, 
have been published and partially discussed in the Journal of the 
Scottish Meteorological Society! and the Scottish Geographical 
Magazine. A more detailed discussion of the observations is now 
in progress, and will shortly be presented to this Society by Dr 
H. R. Mill. | 

The observations were for the most part taken by myself aa 
Captain Alexander Turbyne of the ‘ Medusa,” occasionally assisted 
by gentlemen who have taken part in the work of the Scottish 
Marine Station. The results were copied from the observation © 
books and prepared for press by Dr Mill and Mr James Chumley. 


1 Jour. Scot. Met. Soc., 3rd ser., Nos. iii, and iv., 1886, 1887. 
2 Scot. Geogr. Mag., vol. iv. pp. 345-365, 1888. 
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1887. LOCH NESS. LOCH OICH. 
Date . ; April 26 April 26 April 26 April 26 April 26 April 26 April 26 
| Off Temple, | 
vontion om cutie entrance, | North ust | South cs 
Castle Augustus, 
| foot of Loch 
Hour . ea 9.33 10.48 11.20 | 14,40 15.15 18.5 18.40 
N.E, 3 |N.E., 40r5] W., 30r4 | S.W., 3 SW. S.W., 2 
‘laa Mist, snow, | Mist, rain rain and seme Dao Fine 
Weather & } Mist & snow, iSnowstorms, occasional 
Sea. .)| roughish rough sunshine, 
roughish 
| Depth ; ql 119 120 85 42 123 23 
Temp. of Air | 36-9 (wet) 37°0 36°5 38°0 (wet) 38°0 39°8 38°5 
Fathoms 
0 42°1 41'8 41°5 41°8 44:2 
42°3 42°2 AG 41°5 
5 42°3 41°35 41°7 44°2 
20 42°2 42°] | 41°35. 415 
30 ig | 42°0 41°5 41°4+ 
40 42°92 41°5 41°4+ 
44 | | | 
46 | | 
50 42-3 42-1 41°65 
54 
56 | 
58 
60 42-2 41°6 | 
62 | 
64 41°5 
66 | 
68 
70 sk 
72 
74 | “41% 
78 
82 
84 41°8+ 41'5 
90 | 
92 weave 
94 | 
S43 ao 
98 41°7 | 
‘ 
121 bac 41°5 


* Observation made } fathom deeper than indicated. t¢ Observaticn made 1 fathom deeper than indicated. 
¢ Observation made 4 fathom less deep than indicated 


| 
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1887. 


LOCH MORAR. 


Date . 
Position 


Hour . 
Wind. 


Weather & 
Sea . 


Depth 


Temp. of 


April 29 
S. of Islands, 
N. of Rudha 


.4 |Garbh, near 


centre of 

W. basin 
8.45 
E., 2 


Sunshine, 
roughish 


33 


April 29 


2 mile E. of 


Islands, 


E., 3 


Sunshine, 


cloud, 
rough 
82 


April 29 


Between 
Inbhir 
Beag and 
Lettermore 


E., 3 
Sunshine, 
cloud, 
rough 
118 


April 29 


Brinacory 
Island and 
Allenhara 


E., 2 
Sunshine, 
roughish 

111 


eee 


2 mile W. of 
line between 


April 29 


About 13 
miles E. of 
last position 


10.55 
E., 3 


Sunshine, 
rough 


147 


April 29 
Little W. of 
line between 
Swordland & 
Mouth of 


11.30 
E., 3 


Sunshine, 
rough 


River Moble} 


April 29 


1 mile East 

of Tarbet, 

centre of 
Loch 


12.30 
E., 3 
Cloudy, 
rough 
157 


Fathoms 


165 


43°] 


42°24 | 


42°9 


42°6 


423 


420 


42:0 


43°4 


42°1 


43°8 


42-0 


42-0 


43°] 


420 


43°4 
43°5 


42-04 


VOL, XVIII. 


t Observation made 1 fathom deeper than indicated. 
14/5/91 


= 
centre of 
mire 
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1887. LOCH MORAR. meee LOCH SUNART. SOUND OF MULL. 
Date . April 29 April 29 oes May 1 May 1 Mayl | Mayl 
Within mile bet "Tarbet Between 
7 Off Auliston 
of E. end of | Point and 1 mile East “ Fishnish 
Position .~|Loch, Oban,| Cruch Rosipol of Mor Bay and 
and Kinloch} Dhubh an Island Stirk Savory 
morar Ruidhe River 
Fheane 
Hour . ‘ 14.50 16,30 mn 10.50 gee » 18.45 15.30 
Wek E., 2 oes E., 0°5 W., 3 W., 2 W., 2 
Showery, 
Weather &}j| Cloudy, | Sunshine, | | Cloudy, overcast, | Overcast, | Overcast, 
SOR. ripply smooth sie smooth smooth, roughish |fine, smooth 
roughish 
Depth ‘ 57 170 31 42 64 65 | 58 
Temp. of Air ons 46°2 46°4 
Fathoms 
0 43°9 43°5 43°9 46°2. 46°6 45°8 45°9 
1 43°3 is 45% 45°8 
: 43°7 43°1 
43°5 43°1 43°3 46°1 45°9 45°7 45°5 
7 43°3 
43°0 43°0 43°0 45°6 45°7 45°8 45°5 
24 46°0 
42-2 42°8 430+ 45°3+ 
44 
48 
50 
60 
62 45°71 
64 
66 
68 
70 | 
72 
76 
78 
80 
82 
84 
86 
88 
90 
92 
94 
96 
98 
170 ee 42°0 


t Observation made 1 fathom deeper than indicated. 


| 
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SOUND OF FIRTH OF 
1887 MULL. FIRTH OF LORNE, LORNE. 
Date . ° ys Ae May 1 May 2 May 2 May 2 May 3 May 3. 
| 100 fathoms Halfway 
( patch bet. | Mouth of | Loch Buy, Light end 
Position .<| 7; ght and | Mull, an a Sheep Loch Buy, | off Island at} off Lismore| Oban Bay 
Morven Kerrera Island and Mull head of Loch; and Dunolly 
|” Coast Mull Castle | 
Hour . 17.45 11.0 12.55 13.45 17.10 18.20 
Wind. . Calm S.W., 2 S.W., 1 4 pe S.W., 0°5 N.E., 2 Calm. 
Overcast. unsiine, | sunshine 
‘Weather & Overcast, |Fine, cloudy, Cloudy, 
swell 
Depth 100 96 96 53 12 22 
Temp. of Air ate oon ons 
Fathoms 
0 45°6 45°5 45°83 47°3 47°3 
1 45°6 46°2 46°9 46°6 
5 45°5 45°3 45-2 45°8 
45°3 45°3 45°5 45°8+ 45°9+ 
45°4+ | 45:3} 45°2 
45°3 
45°4 
45°14 
45°6 
45°24 15°2+ 


t Observation made 1 fathom deeper than indicated, 


| 
| | 
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1887. 
Date . / May 4 May 4 May 4 
n Tarbert 
Bank off Sound of 
Bet. W.ends E. by S. of 
Loch Islay, a 
Position .4 Seabra Tarbert, | little South | Otter Rock, 
Isles of | No endof | cf Port | bet. Islay 
the Sea Sound of Askaig and Cantyre 
Islay 
9.10 13.50 16.15 
S., 0 tol 2 E., 3 
Sunsiime, | Sunshine, oueY, | Sunshine 
long sw al long swell roughish rough 
Depth 8 31} 67 
Temp. of Air 
Fathoms 
46:2 47°0 46°2 475 
2 45°8 46°8 46°0 46°4 
46°5 
9 45°5 45°9 “ 
20 45°5 46°0* 45°5 
34 
36 
40 45°5 
42 
44 
46 45°2 
54 
56 
58 
60 45°6 
62 
64 
66 45°2 
68 
72 
74 
76 
78 
80 
82 
84 ae: 
36 
88 
90 
92 
94 
96 
100 
117 45°5 
137 


* Observation made 4 fathom deeper than indicated. t Observation made 1 fathom deeper than indicated. 


| 
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— LOCH MULL 
1887. FIRTH OF LORNE. ETIVE. | SOUND. LOCH LINNHE. 


Date . j August 18 | August 18 | August 19 | August 20 | August 22 |} August 26 | August 26 
Between | Off Eil baile 

Off Mull Off Mull | Off Sheep Off Lismore & | Ghobbain & Corran 
pie further out | Islands Mouth Morven | Rudha na Ferry 

Shore h’earba 
19.20 19.40 12.15 14,45 11.55 
N.W., 3 Calm S.W., 4 S.W., 2 


Weather & Sunshine, cloud, ’ Cloudy Rain, mist, sunshine, Hazy, 


Sea. rough, swell rough mnooth smooth 
Depth ; ore 49 106 18 ae 54 17 | 
Temp. of Air vee ose 


Position 


Wind . 
Cloud, hazy, 


Fathoms 
56°0 
55°5 


CO 


557 


CO OO NI O1 09 LO © 
Qn 
on 


10 556+ | 65-2 p54. | 55-2} 


20 | 55:2 55-4 556 55'6 


55-5 55-2 


48 = 55°38 


100 


t Observation made 1 fathom deeper than indicated. 
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| LOCH | 
1887, LOCH ABER. LEVEN. LOCH HOURN. 


Date . . | August 26 | August 27 | August 27 | August 27 | August 29 | August 29 | August 29 


Centre 
Off Inver Off Fort Off Inver Off Ballach- Sound of 


lish Slate Mouth Mouth 
Seadle Bay | William | Seadle Bay | Sleat, off 
Isle Oransay 
Hour . 13.50 9,30 10.40 12.10 10.0 10.40 10.55 


Weather & { Hazy Sunshine, | Sunshine, Cloud and Sunshine Cloudy, 
Sea ~| cloudy, smooth smooth sunshine, smooth shine, smooth 
ets smooth smooth smooth 

Depth ‘ 80 37 down to 50 29 ee 66 95 

sm Temp. of Air eee eee eee eee eee eee 


Position 


Fathoms 
56°3 56°8 57°0 57 °3 57°4 


52 | 550 | 560 | 557 | 865 | | 


CONT Or CO © 


14 547+ 55 ‘St 554+ 
551 554 


553 
40 55-2 54-0 


t Observation made 1 fathom deeper than indicated. 


| 


t Observation made 1 fathom deeper than indicated, 
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OUTER 
1887. LOCH HOURN. LOCH CARRON. LOCH 
CARRON 
Date . August 29 | August 29 | August 29 August 30 | August 30 | August 30 | August 31 
Off Coir et. “noc | Head, off | Port Hulin, Head, off 
Ferry 
Hour . ; 12.30 13.0 13.25 11.35 12.10 13.0 15.15 
Wind . 3 3 3] N.W.,4 | W.N.W., 5 W., 0 
| smooth smooth smooth roughish 
Depth P 31 15 11 11 56 22 66 
Fathoms 
0 56°5 55°7 55°9 56°9 58°9 
56°3 56°2 55°6 55°4 55'°3 
56°0 55°9 55'3 55 3+ 54°5 
| 561 55 ‘2+ 53 
55 6° 54°9 553+ | 53°7 
54°5 53°3 
54°4+ 
53°0 
ayer 


92 
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1887 LOCH DUICH. ALSH. | SOUND. (Fresh Water). 
Date August 31 Sept. 1 Sept. 1 Sept. 1 Sept. 3 Sept. 5 
Off Mouth | Of Tarbet 
Off Head (Off Mouth of} ~ Mor and ; 
Position Kintail (Anchornge) Loch Longa Off Tarbet 
8.30 10.5 10.55 15.0 9°5 
Wind. . N.,2 N.N.W.,1] S.W.,2 | SS.W.,3 W., 3 W., 3 
| Dull tain tain, Cloudy 
Weather & Overcast cloudy, Sunshine 79 
Depth 60 7 11 39 162 
Temp. of Air 60°5 56°0. 61:2 
Fathoms 
0 590 57°0 56°9 56°0 56°9 67°83 
2 56°2 56°9 
5 55°9 56:0 56°1 
7 54°9 
10 54°9 55°5 560 54:4 57'8 
54°9+ | 510+. 52°0+ 
18 | 55-9 52°1 
54°7 | ies 54°0 46°8 47°0 
24 | 543+ | 
28 55°38 44°8|| 
30 54:2 44:0 44-2 
32 | 
34 53°24 | 44°4+ 
40 | 53°1 43°6 
48 | BE 
| 52°7 42°7 
| > 
56 2% 
60 42°6 +22 
64 
66 
7 | 403 | SB 
72 
| 
eee eee 
78 a3 
42°3 
84 
86 
90 51:0 42°4 
160 423 
106 50°7 
110 
116 50°7 
120 & 
126 50°6 
130 42°3 = 
42°2 5 
| 42°1 


t Observation made 1 fathom deeper than indicated. — |} Observation made 1 fathom less deep than indicated. 
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outer | UPPER 
1887. UPPER LOCH NEVIS. LOCH LOCH 
NEVIS. SUNART. 
Date . Sept.3 | Sept.3 | Sept3 | Sept.4 | Sept.4 | Sept.4 | Sept.s 
Bet, North| Ber Muke | off Ardna- | _ Off Ru 
Position Ifead Centre of Eigg and na- murchan | Strone na 
| River Moror ay Point | Saoibhaidh 
Hour . 15.45 16.0 18.45 10.5 13. 15.50 9.0 — 
Wind W.,1 W.,3 | ENE, | ENE. 8 | SE, 2 
( |Sunshine &| Clear, sun- Overcast, | 
Weather & )| Sunshine, d, h hit Overcast, cloud, Cloudy, 
Depth ‘ 11 56 56 54 113 43 51 
Temp. of Air 59°2 ove 01°23; 57°8 
Fathoms | 
0 56°9 56°7 57°0 57 °2 57°6 57°6 56°7 
56°1 562 | 56°8 67-1 (57-4 b7°4 57°2 
56-0 55-9 56°6 57-2 73 571 
55'9 55°9 57°4 570 
53°8+ 53°8+ 
51°9 57°3 56°7 
| Bol... 
| | 
| 52°74 | 
57°3 
57°2 
! 
57°2 
| | 


t Observation made 1 fathom decper than indicated. 


| 
| | 
f _ | 


154 SCOTTISH MARINE STATION. 


CALE- LOCH 
LOCH . | DONTAN Locny 
1887. SUNART SOUND OF MULL. LOCH EIL. CANAL . (Fresh 
| | ater) Water). 
Date. . Sept. 5 Sept. 5 Sept. 5 Sept. 5 Sept. 6 Sept. 7 Sept. 7 
f N.E. Off Runan Off ond 
Position . Aulistan Morven end of end nearest carry 
\ — | ay Shore Narrows Bannavie | (South end) 
Hour . 12.20 15.5 18.5 17.5 10.30 12.45 
Wind . ‘ E.S.E., 2 S.S.E., 3 S.E., 2 S.E., 2 E., 4 N.E., 1 gd 2 
Weather & - Overcast, . Overcast, Rain, ? | sunshine, 
Sea. | youghish I|rain, rough | roughish 
Depth 59 59 110 35 3 37 
Temp. of Air 58°4 one 59°8 56°1 (wet) | 53°0 (wet) an 53°0 
Fathoms 
57 °4 56°8 56°D 55°0 56°5 
2 55°0 56°2 
7 
24 57 "1+ 55°3 45°7 
26 7 45°1 
46 | 
48 57°0 57°0 
50 
52 
54. 
58 56°8 o7°0 
60 
62 
64 
72 
74 
76 
78 
80 
82 
84 
92 
94 
96 | 
98 
100 | 
104 
108 


t Observation made 1 fathom deeper than indicated. 


| 
| 
i 
ae 
7 
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1887 LOCH LOCHY LOCH OICII LOCIT NEss. 
ne (Fresh Water). (Fresh Water). (Fresh Water). 
Date. . | Sept.7 Sept.7 Sept.7 | Sept. 7 Sept.8 | Sept.8 Sept. 8 
Positi Of Glastand South Nort Basin) At Fort Aberia- 
osition . a ou in North Basin| Aldourie 
Hour . ° 13.50 © 14.50 16.10 16.40 8.10 11.10 11.50 
|wind: . | NE,1 Calm E,1 ‘SW. byS.2, W.,3 | W.S.W.,5 | WSW.,5 
Overcast 
Bright sun-| Sunshine, | Sunshine, | Sunshine, | Overcast, 
— & shine, cloud, clouds, high clouds,| roughish to! 
smooth smooth | smooth smooth smooth | TOUS” very 
Depth. 76 13 12 23 49 15 70 
Temp. of Air 54°8 55°7 53°5 
Fathoms | | | 
1 55°9 54°5 58°2 
2 55°2 54°7 54°8 
5 55°6 54°2 56°0 54°6 
7 54°2 53°6 
55°4 53°6 57 ‘7+ 55°4 54°D 53°9 
47°0 46‘5t 53:9 | 
44-0} 
ag 43°44 
44-1} | 
43-6} 


t Observation made 1 fathom deeper than indicated. 


| eee eee eee eee 
{ 


156 | SCOTTISH MARINE STATION. 


1887 LOCH NESS. 3 LOCH LOCHY. 
(Fresh Water). (Fresh Water). 
Date . . Sept. 8. Sept. 8 Sept. 8 Sept. 8 Sept.8 | Sept.9 | Sept. 9 
Ureghart on nore About Fort 1 Off Auchna- 
osition . oyers ortclair rom For mile from} carry 
Point Augustus | AUSUStUS | “Locks (South end) 
Hour . ° 13.0 15,15 16,25 17.15 18.0 11,15 12.35 | 
Wind. by 5 | W.S.W., 6 | W.S.W., 4 5 | W.S.W., 5 6 | W.S.W., 5 
Weather & oucys | Overcast, | Overcast, | Rain, 
Depth ; 121 109 101 80 42 | 12 38 
Fathoms 
54:0 54°5 54°0 51°4 47°8 55°1 
2 53°8 47°7 54°8 
5 54°0 48°0. 47°1 54°7 
10. 53°8 54°4 52°4 467 | 46°0 55:2 52°6 
50°3 51°6 44°7 44°4 44°1+ 48°1 
24 49-9+ 44°0+ 
43°3 43°5 43°7+ 450+ 
40 45°8 43°4 43°1+ 
44 
46 
54 
56 
60 43°5 43°0 
64 
74 
76 | 
426+ 
84 
86 
88 
90 426 
92 
94 
96 
98 
100 42°6 ee 42°4 
104 
106 
108 42°5 
110 42°6 sis 


+ Observation made 1 fathom deeper than indicated. || Observation made 1 fathom less deep than indicated. 5 


SCOTTISH MARINE STATION. 157 


LOCH LOCH SOUND OF| LOCH LO | - 
ABER, | ETIVE, | LORNE. | LINNITE, | ABER. 
Dae.  . Sept. 10 Sept. 11 April 22 April 23 April 23 April 28 April 28 
Midway bet.|Midway bet. Apout 1 
Position Off Inver- | Off Glenoe | Off Sheep | Squrnan Corran mit ay 3 
leadle Bay Farm Isle Gillean and| Ferry and yb ag 
| 13.5 Ru Mor Fort William Head 
Hour . : 9.45 11.5 11.40 . 13.25 10.25 11°25 
Weather & ’ Fine, cloudy,|Dull, cloudy, Sunshine 
Depth 81 114 50 22 18 
Temp. of Air 57°0 47°6 47°6 49°0 45°5 48:0: 
Fathoms | 
54°1 55°0 45°3 45°6 46°1 45°8 45°8 
3 54°7 55°3 ‘vs 
10 55:2 55°6 45°0 44°3 44°6 44:8} 
16 44°3}| 44°7 44-7} 
53°D 45°0 44°4 44°4 44 
24 52-9} 
26 44°5]| 
30 53°0 44°6)| 44°3 
55°2 585 7 450 44°83 | 44:3 
53 
46 
50 53°9 44°9|| 
52 
60 54°0 45°0 
62 
64 
66 44°2 
70 
72° 
86 
88 
92 44°9 
96 
98 
100 
102 
104 | 
108 
143. 45°0 


+ Observation made 1} fathom deeper than indicated. || Observations made 1 fathom less deep than indicated. 
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SCOTTISH MARINE STATION. 


| 1888, | | LOCH ETIVE. 
Date . . | April20 | April 21 April 23 April 24 | April 24 April 24 April 25 
Bet. Dubh- Bet. Ard- 
Off small Sound of sgeir Islet Inbhirguis- Off Ru Aird chattan 
Position .<| Islands of | Jura, off jandS.W. Pt. Head achan Point Chapel and 
| Jura Dubh Island] of Kerrera Chapel sate Stonefield 
Island Bay 
Hour . ° 9.15 13.0 10.15 17.15 17.50 18.30 13.15 
Wind. |N.E. by N., 6] N.E., 1-3 | E.N.E.,4 |N.E., 3 or 4\N.E.,30r4| N.E.,3 | N.E., 1-2 
Weather & Overcast, Overcast, | Overcast, | Sunshine, Sunshine, | Sunshine, | Sunshine, 
Sea. . | very rough rough rough roughish roughish | roughish smooth 
Depth ‘ 103 106 57 6 19 75 28 
Temp. of Air ove 52°0 51°8 
Fathoms | 
| 0 44:0 43°8 43°5 49°0 47°6 45°8 45°4 
1 tis 49°0 45°0 
2 49°2 47°0 
3 43°6 43°4 49°2 a 44°9 
5 440 | 48°8 43°5 493 | 48-1 45°4 
7 eco eee 
43°5 48°7 43°5 48°3 46°2 
30 43°3 43°4 ‘ie 48°3 
34 
44 sae 
46 43 °4 
48 sii 
50 | 43°1 43°5 
62 eee ese eee ee. | eee eee 
68 
70 43°1 
78 
80 
43°0 
86 
88 
92 42°9 
94 
96 
98 
100 
102 43°1 
108 | 


¢ Observation made 1 fathom deeper than indicated. 


SCOTTISH MARINE STATION. 
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LOCH ETIVE. 


Date . 
Position 
Hour . 
Wind. 


Weather & 
Sea. 

Depth 

Temp. of Air 


April 25 
Head 
16.10 


Loch, 3 
roughish 
6 


N.E., down 
Sunshine, 


i mile 


16.25 
N.E., 3 


Sunshine, 
roughish 
13 


April 25 


from Head 


April 25 
1} miles 


N.E., 2-3 


Sunshine, 

roughish 

50°2 


from Head |ach 
16.50 


April 25 
Inbhirguis- 
17.20 
N. E., 3 


Sunshine, 
roughish 


anChapel| 


April 25 
Ru Aird 
Point 
18.10 


N.E., 3 
Sunshine, 
roughish 

68 
48-0 


April 25 


Off Mouth 


of Awe 
19.10 


N.E. 


Sunshine, 


roughish 
9 


April 26 
Off Mouth 
of Awe 
10.50 
W.N.W., up 

‘Loch, 2 
Sunshine, 
smooth 
10 


Fathons 


CUR 


48:3 
48°6. 
49°1 


47-7 
47°7 
48-2 
47°9 


48-9 


48-91. 


471 
47°1 
47°6 
48-0 
48-2 
48°44. 
48°] 
48-0 


16-9} 


465 


46-2 


450 


44°4 


45:3 


: Note.—Tide was flowing out. 


t Observation made 1 fathom deeper than indicated. || Observation made 1 fathom less dcep than indicated. 


| 
1888, 
49-0 
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SCOTTISH MARINE STATION. 


1888, LOCH ETIVE. | 
Date . April 26 April 26 April 26 April 26 April 26 April 27 April 27 
“highest Aird ile f asa 1} miles | Off Mouth | rota 
i ile fr Ml § 
Position Head Head from Head| of Awe the 
above the | | we 
Hour . 12.15 15.30 16.5 16.25 
Wind . W.N.W.,2] W.,2 | W.,2-3 W.,1 
Sunshi Cloud to howers, . 
Weather & “and elond, _ Cloudy, | Overcast, gusts of 
Sea th to roughish to| showers, wind ain, gale, 
vhish smooth | roughish | rough rough 
Depth , 35 70 8 13 17 11 
Temp. of Air 48°7 (wet) 
Fathoms 
0 46-2 46°3 48°5 47°0 45°3 46°2 
1 46°0 47°9 47°0 
2 47°9 47°1 
5 45°6 45°2 47°9 45°2 47°0 
10 45:0 47°0 is 48'3+ 44°8 45°1 
14 45°14 47 45°14} 
7 ° 
24 46-14 | 4855 45-14 
45°2 47°1 45°0 
34 46-4} 44°8+. 
54 44°8 Se lote.— . 
58 44°7+ es Loch from 
60 | this sta- 
66 ae 
47°4 
74 47-2 
76 465 
80 Be op | 472 
86 47°05 
90 
92 
100 
102 
104 
106 
108 


t Observation made 1 fathom deeper than indicated. 


| 
| 


SCOTTISH MARINE STATION. 
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1888, 


Date . 
Position 
Hour . 


id 


Depth 
Temp. of Air 


{ 
{ 
4 


April 27 | 


1? miles 
from Head 


12.55 
W., gusts all 
directions, 
squalls, 6-7 
Cloud, 


LOCH ETIVE. 


Aj ril 97 
Head 
13.30 


directions, 


Sunshine, 
cloud 


W., gusts all} 
squalls, 7-8 


April 27 


mile 
from Head 
13.45 
W., gusts, 
0-8 


Sunshine, 
rough to 
smooth 


16 


April 27 


Inbhir- 
guisachan 
Chapel 


14,25 
W.N.W., 


Sunshine, 
cloud, 
rough 


20 


Fathoms 


OH GN © 


and also the day before. 


b 


Note.—The water to-day was quite fresh at the surface at head of the Loch. 
| Yesterday it was salt 


48°8 
48-74 


April 27 
Close to Lee 
Shore, south 
of Mouth of 

Kinglas 
15.0 


N.W., 4-5 


Overcast, 
sunshine, 
rough 


13 


April 27 


Weather 
Shore 
opposite 


15.20 


N.W., 4-5 


Overcast, 
sunshine, 
rough 


10 


April 97 


Off Ru 
Aird Point 


16.0 


W.N.W., 
blowing up, 
4-5 


Overcast, 
rough 


66 


46°6 
46°5 
46°6 
47°3 


47°1 
47°0 


47°1 


46°5 
46-0 


48-0 


18°04 


48-2 
47°14 
46°1 
45°14 
44-7 
44°84 


44°7+ 


t Observation made 1 fathom deeper than indicated. 


| | 
sunshine, 
( rough 
18 6 | | || | || | 
| 
47°3 | 47 ‘0 
47°1 47 °2 | 
46°9 
46°9 
47°1 
47°1 47°0 47°2 
10 47°6 48°3+ | 47°5 47°3 | 
12 48 3+ | | 
106 eee eee | eee eee eee eee 


SCOTTISH MARINE STATION. 


1888, LOCH ETIVE. 
Date . : April 30 April 30 Ap i 30 April 30 | April 30 April 30 April 30 
Second 
chain | Off Mouth uarry Off Ru il Inbhir- 
Position . of Awe above the | Aird Point Head tran Head 
Bay 
Hour . 10.30 11.30 11.45 12.20 14,15 14,30 15.20 
Wind. . | SS.E,2 [5 byS,) cam | s.w.,1 | S.W,1-2] SW.1 
Weather & f Overcast, Overcast, | Overcast, Overcast, 
Sea. roughish emooth smooth | Smooth smooth | smooth to smooth 
| roughish 
Depth 19 62 73 6 14 20 
Temp. of Air 46°6 48°0 ee 51°1 52°0 
Fathoms 
0 45°2 46°11 | 47:0 46°0 45°3 46°0 47°0 
2 46'3 47°1 47°0 47°0 
4 eee wee ere 47°1 eee cee. 
| 450 45°7 -46°8 47°4 46°8 
8 45°0 45°5 48°3 
16 44°38} | 47°94 
24 eee 45°64 46-94 
28 Be. 
30 45:2 45°6 
=o 
38 
ees 
44 
46 
48 
50 45 2+ 
52 45-0 
56 
58 
8 ———-} 45°1 
66 : 
68 
70 
73 45°0 
em $y | 
Ort 
«| : 
84 ot 
86 
| = 2 
92 
94 Ae 
O2s 
100 
102 
104 
106 
108 


SCOTTISH MARINE STATION. 
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LOCH MULL SOUND OF 
1888. ABER. | SOUND. LOCH SUNART. MULL. 
Date. May 1 May 1 4 May 4 4 May 4 May 5 
| Near centre| Bet. Morven| 7°" Ru Fishnish 
of Loch {and Lismore] | arderinish | | Head Bay | 
Hour . 11.20 18.5 10.0 11.10 11.50 9.20 
Wind . | 4 | W.N.W., 3] W.N.W., 3 
Overcast, | Overcast . unshine, Hail 
Weather & | Sunshine, | Sunshine, | cloud, | Sunshine, 
Sea. . roughish | roughish smooth ein, 
| Depth ‘ 85 105 63 49 51 10 58 
Temp. of Air | 51°0 44°0 46:0 46'2 ove 412 . 
Fathoms | 
44°5 45°1 45°1 45°4 44°] 
43°9 45°1 45°1 45°0 44°] 
43°8 44°9 44°9 44°8 44°] 
7 
43°9 43°9 44°8 44°4 |—————| 
14 43-9} 4404 | 44-44 44°14 
20 43°7 45°8 44°4 44°] 
24 
26 
30 43°7. 44°4 44°3 
54 
56 44°2+ 
60 
62 
64 43°4 
66 A 
68 
70 43°2+ 
72 
74 
76 
78 
80 43°1+ 
84 
86 
88 
90 
92 
94 
96 
98 
100 : 
102 
104 
106 
108 


t Observation made 1 fathon, deeper than indicated. 


‘ 

| 

| 

| 
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SCOTTISH MARINE STATION. 


1888, FIRTH OF LORNE. LOCH ETIVE 
Date . May 9 May 10 May 11 May 14 May 14 May 14 
Between | stuand | Loch Buy | Ardchattan| . | Quarry 
Position pric Sheep and Island and Stone- oer of above the 
Island of the Sea | field Bay Awe 
Hour. 11.0 13.55 14.50 10.10 11.10 11.30 
Wind . | S., 0°5 N.W., 2 N.W., 2 N.W., 3 
Weather & Overcast, | ‘Bright, | Bright, | |  Chear, Bright, 
| CR. roughish swell swell empoth smooth smooth | 
Depth . 117 123 33 26 10 64 
Temp. of Air 46°5 51:2 49°5 46°0 51°0 _ 481 
Fathoms 
0 44°5 46°8 46°7 47°0 47'8 49°9 
2 45°1 47°1 47°3 
3 46°5 47°4 
4 46°4 46°5 
5 44°6 46°7 46°4 46°2 
8 47°6 “a 
10 44°3 44°4 — 47°0 46° 
12 44°7 47°6 47 ‘9+ 
14 46°3+ 477+ 
20 44°2 443 461 46°6 
26 45°7. 
28 
30 443 45°1 
384 
40 44°2 44°3 44:9 
44 
46 
48 
52 45°34 
54 
56 
58 
62 45-44 45-2 
64 
66 
68 
44°] 
72 
74 
76. 
78 
80 44°92 
82 44°3 
84 
86 
88 
90 
94 
96 44°2. 
98 
100 
102 44°3 
104 
106 44°2 
108 
116 44+] 
122 ———| 442 


+t Observation made 1 fathom deeper than indicated. 


ee 


SCOTTISH MARINE STATION. 165 


LOCH ETIVE. 
Date . . |May 14,1888, May 3, 1887 |May 3, 1887 |May 3, 1887 May 3, 1887 |May 3, 1887 |May 3, 1887 
1} miles Mouth, Ardchatian Midway bet. 1 mile from 
Position from Lochnell | Church, and Off Ru Aird 
Head Bay Durains Trileadham | 
Hour . ‘ 14.5 10.0 10.40 11.50 12.30 13.35 15.0 
Wind. N.W., 1-3 Calm N., 0°5 Calm 1 Calm W., 2 
Squalls, | Sunshine, | Bright, | Bright 
Weather & ’ ’ cloud Cloudy Cloudy 
overcast, | bluesky, | sunshine, | sunshine, 
Sea . smooth smooth smooth smooth roughish 
Depth ‘ 17 20 18 33 67 18 61 
Temp. of Air 51°2 ons eee 
Fathoms 
0 50°3 46°5 47°7 48°6 48°4 48°6 
1 46°0 46°7 47:0 
2 47°5 wake“ 45°7 
3 45°5 45°3 46°2 
5 46°8 45°4 45°3 
7 46°1 45°7 
12 48°] 45°3 45°3 
16 47°3 45°9+ 453+ 
24 
30 46°1 46°0 
32 = 45:2 ie 
34 
40 2 47'5 47°4 
44 
46 47°6 
48 = 
50 47°5 
52 
54 ss 
56 47°5 
60 = 47°35 
62 S 
64 
66 47°6 
68 3 
70 
72 
74 
80 
84 
86 
88 
90 Ne 
92 
94 
96 
: 
102 
104 
106 
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166 SCOTTISH MARINE STATION--TEMPERATURE OF CLYDE SEA AREA. 


1887, 


ARRAN 
BASIN. 


GARELOCH. 


ESTUARY. 


LOCH 
LONG, 


Date . 
Position 


Hour. 
Wind. 


Weather & 
Sea . 


Depth 
Temp, of Air 


August 1 
Off 


Garroch 
Head 
18.10 

W.S.W.,1 


Overcast, 


smooth 


61 


August 6 
Head 
13.45 


Calm 


Raining, 
smooth 


10 


August 6 


Off 
Shandon 
14.15 
Calm 


Rain, mist, 


overcast, 
smooth 


August 6 


Row, off 
inside Spit 


16.20 
Calm 


Rain, 
smooth 


18 


August 6 
tow, Off 


16.45 
Calm 


Rain, 
smooth 


11 


outside Spit 


August 6 


Off 
Greenock 


17.40 
Calm 


Rain, 


4 


smooth |. 


August 7 


Arrochar 


Cloudy, 
sunshine, 
ripple 
12 


Fathoms 


© 


50°0 


47°9 


57°6 


57°4 
57°44 


57°0 
56°8 
56°5 
560 


552 


54°] 


eee 


59°6 
59°7 


59°9 
59°3 


56-1 


* Observation made 4 fathom deeper than indicated. + Observation made 1 fathom decper than indicated. 


13.45 
= = 
57-4 | 602 | 60°0 
2 p71 | 59-0 
4 582 | 582 
8 
10 660 |K————|_ 575+ |. = 
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1887. 


LONG. 


Date . 
Position 


Hiour . 
Wind 


Weather & 
Sea. : 

Depth 

Temp. of Air 


August 7 


Off Thorn- 


bank 


Cloudy, 
roughish 


DUNOON BASIN. 


August 7 
Dog Rock 


15.40 
W., 3 


Cloudy, 
roughish 


30 


LOCH GOIL. 


DUNOON 
BASIN. 


‘August 7 
Entrance, 
Loch Goil 


August 7 


August 7 
Off Stuck- 


Head 


17.12 
W., 2 


Cloudy, 
smooth 


26 


Calm 
Sunshine, 
clouds, 
smooth 

44 


August 7 
Off Coulport 


18.20 
W., 6 


Overcast, 
rough 


39 


ESTUARY. 


August 8 
Off Rose- 
neath Point 


Fathoms 


582 


53°5 


52°8 


08°2 


50°4 


t Observation made 1 fathom deeper thon indicated. 


| 
“6 16 9.10 
( d, Mist, rain, 
59°4 58°] 58°6 58°6 58°3 57 °5 
57°D 
| 14 52°31 51-9+- 


168 SCOTTISH MARINE STATION—TEMPERATURE OF CLYDE SEA AREA. 


1887. 


DUNOON 
BASIN, 


HOLY LOCH. 


DUNOON 


BASIN. 


KYLES OF BUTE. 


Date . 
Position 


Hour. 
Wind 


Weather & 
Sea. 
Depth 


Temp. of Air 


August 8 
Mouth of 


Loch Long 


10.5 
N.W., 5 


Rain, mist, 


rough 
31 


August 8 
Head 


10.45 
N.W., 6 


Rain, mist, 
rough 
12 


August 8 
Mouth 


N.W. gale, 7 


Rain, mist, 
rough 
17 


August 8 


Gantock 
Beacon 


August 8 
Bogany 
Point 
16.15 
N.W., 4 


Rain, mist, 


rough 
27 


August 8 
Off Strone 
Point 


N.W., 5 
Rain, mist, 
rough 
16 


August 9 


Off? Burnt 
Islands 


11.0 
N., 3 


Cloudy, 
smooth 
21 


Fathoms 


OUP COD © 


— 


and it 


drawn in at the bottom 


very hard down the Loch,. 
from the deeper water of the Dunoon basin. 


seems as if colder water were 


The wind was blowing 


56'9 
54°6 
51°9 


56-0 
55°3 


52-7 


561 


f Observation made 1 fathom deeper than indicated. 


| 
| 
| — H 
Sale, 
rough 
56'8 
56'8 55°7 
56°6 55D | 54°7 
10 552 53-2 
26 = 52-3+ 50°0 
46 §2°2+ ‘ia | 
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KYLES OF KYLES OF | LOCH 
1887. BUTE. ARRAN BASIN. BUTE. Pe 
Date . August 9 | August 12 | August 12 | August12 | Augus 12 | August 15 | August 13 
Position Loch Off Ardla- | Inchmar- |Bet. Brodick) Off Largy- Burnt Opposite 
Ridun mont Point |nock Water| and Corry | beg Point Islands | Glenstrivan 
Hour . 11.0 13.45 14.35 17.0 19.20 15.0 18.25 
Wind . N.E., 3 - Calm Calm N.W., 1 Calm N.E., 2 N.E., 3 
Weather & ( Cloudy, | Overcast, | Overcast, — a Sunshine, | Sunshine, 
Sea. smooth smooth smooth amooth smooth smooth roughish 
Depth ‘ 10 34 86 96 49 18 35 
Temp. of Air ose ove 
Fathoms | 
10 53°9 53°5 56°0 56°6 54°8 
14 53 ‘2+ 55 56°44 
16 |  52°5+ 564] | 
20 536 53°6 50°1 
24 53°4} 51 ‘5+ we 49°4° 
32 49°14 49:4 48°8 
34 49-0+ 5U'1+ 47°9|| 
42 
44 49°2+ 48°67 
50 és 
52 
54 48°4+ 
56 bes 
58 47°8 
60 
62 
64 47 “7+ 
66 
68 47 °9 
70 
72 
74 473+ 47 
76 
78 47°4 
80 
82 
84 46°8} 47°37. 
86 ‘i 
88 
O94 470+ 
96 
98 
100 Ses 
102 
104 
106 
108 


- 


+ Observation made 1 fathom deeper than indicated. || Observation made 1 fathom less deep than indicated. 


‘ 
= 


170 SCOTTISH MARINE STATION—-TEMPERATURE OF CLYDE SEA AREA. 


1887, STRIVAN. ARRAN BASIN. LOCH FYNE. 
Date . | August 14 15 15 | August 15 15 
Position Head Island Bay Beacon Gortans Rock Furnace 
Hour . ; 15.40 19.40 | 10.45 11.20 12.5 13.5 13.45 e 
Wind, N.E., 2 3 1 1 S.W., 2 | 
Weather & Overcast, sunshine, | | Clondy, 
smooth | youghish | smooth’ | smooth | smooth’ | smooth’ | | 
Depth 10 104 21 34 39 
Temp. of Air ove ove coe ove 
Fathoms | 
0 54°8 03'5 53°9 55'9 55°6 54: 55°0 
54°8 53°6 53°9 54°6 55'0 55°0 
2 53°3 53°9 54°0 54°4 54°4 
5 54°0 53°4 52°2 51°9 52°4 52°4 52°6 
7 52°0 Old 
10 53°0 52°2 51°9 51°5 51°5 51°5 
14 51°2+ | 51-0} 50°2+ 51:3 
20 50°8 50°9 50°90 51°01 
24 50°7 
26 
34 
36 vis 
38 
40 48°77 | 48°5 
44 
50 48°1 
52 sie 
54 
56 47 6+ 
58 
60 48:1 
64 
47 *2+ 
68 
70 47°2 
72 
74 
76 
78 
80 
84 
86 
88 
90) 
92 47 ‘2+ 
94 
98 
100 | 
102 47 ‘1+ 
104 
106 
108 


t Observation made 1 fathom deeper than indicated. 1! Observation made 1 fathom less deep than indicated. 
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1887, LOCH FYNE. ARRAN BASIN, 
Date . August 15 | August 15 | August 15 August 16 | August 16 | August “ August 16 
Boeibion Off Off Dunderave Off Off Off Skate | Garroch | 

Strachur Cuill Castle Inveraray Gortans Island Head 
Hour . 14,45 17.20 17.50 10.0 12.35 15,15. 18.5 
Wind . S.W.,1 | S.w.,2 | S.W.,2 Calm 1 SW., 2 Calm 
Weather & Cloudy, | Cloudy, | Cloudy, 
Depth 75 16 35 60 34 104 61 
Temp. of Air one ene 
Fathoms 
0 55:9 55°7 56°1 57°0 55:5 56'8 
53°3 55°3 58°4 53-2 52°3 
51°0 51°7 53°7 54-1 
50°7+ 49°6+ 50°2 50 2+ 
50°4 48:9 | 49:8 51-0 52°2 
48 °2+ 480+. 51 ‘Dt 
47°0 471 468 51°3 
46°14 
45°5 
45°2 45°24 
45-2+ 
50°6 
48°6¢ |——_—— 
47 


t Observation made 1 fathom deeper than indicated. 
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1887. | 


ARRAN 
BASIN. 


PLATEAU, 


ARRAN BASIN. 


Date . 


Hour . 
Wind , 
Weather & 
Sea. ‘ 
Depth 


Temp. of Air 


Position .- | 


: | August 17 


Off Imachar 
‘Point, 
‘Kilbrennan 


Sunshine, 
rough 
75 


August 17 


Bet. Sanda 
and Pladda 


19,0 
N.N.W., 5 
Sunshine, 

very rough 
24 


Sept. 12 


Skate Island, 
south of 106 
fathoms 


N.W., 4 
Overcast, 
rough 
40 


53'1 


Sept. 20 


Garroch 
Head 


9.55-10.15 


,56°0 dry 
51°8 wet 


Sept. 20 


2 miles 
towards 
Brodick 


10.35-10.45 
N.W., 1-2 


Bright, 
smooth 
46 


Sept. 20 


Off Brodick 
(deep hole) 


11.25-11.50 
N.N.W., 2-3 
Slight swell 


80 
56°0 dry 
54°0 wet 


Sept. 20 


23 miles 
towards 
Brodick 


12,15~12,25 
N.N.W., 


Smooth 


45 
56°0 dry 
54°0 wet 


Fathoms 


CONID OV O 


50°2 
49°1 
49-0 


«B49. 


54°7 


542 
54-0 
53°3 


58-2 


52:9 


55°0 


54°7 
550+ 


20+ 


55°0 


52:2 


541 


t Observation made 1 fathom deeper than indicated. || Observation made 1 fathom less deep than indicated. 


160. 13.0 
right, 
10 55°8 65:3 54-0 
9 
28 52:24 
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1887, 


ARRAN BASIN. 


— 


Date . 
Position 


Hour . 
Wind. 


Weather 
Sea. 

Depth 

Temp. 
Air. 


& 


of 


Sept. 20 
Brodick Bay 


12.50-13.0 
NNW., 2 


Smooth 
233 
57°0 dry 
52°8 wet 


Sent. 20 


15.15-13.20 | 14.17-14.54 


Smooth 


57°0 dry 
52°8 wet 


Sept. 20 


Brodick Bay; 6 miles East 
close inshore! Holy island 


| 


Smooth 
635 

57°3 dry 

wet 


by N,, 
0°5 


Sept. 20 


Holy Island 


15,10-15,20 
Northerly, 
0°5 
Smooth 
48 
57°3 dry 
55°0 wet 


9 miles East 


Sept. 20 


13 miles East 


Holy Island 


15.55-16.3 
Northerly, 
0°5 
Smooth 
By 
580 dry 
Wet 


Sept. 20 
About1 mile 
by S. of 

Lappoch 

Beacon 
16.30-15.57 

Northerly, 


Sept. 20 
Off Irvine 


16.55-17.0 
W. by 
0°5 


Smooth 
6 
dry 
Wet 


Fathoms 


55°3* 
553+ 


549 


54:8 


515 


511 


an 


546+ 


53-O+ 


56°1 


55°24 


* Observation made 2 fathom deeper than indicated. 


+ Observation made 1 fathom deeper than indicated | 


eee 
| Smooth 
| 13 
| 55°3 wet 
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1887, 


Date . 
Position 
Hour . 
Wind. 
Weather & 

Sea . é 


Depth 
Temp. 
Air. 


e 


Sept. 20 


Lady Island, 
E.S.E., 1 
mile 


17.40-17.45 


ARRAN BASIN. 


PLATEAU. 


Sept. 21 
5 miles 
W.N.W. of 
Ayr 
8.40-8,45 
South, 1:2 
Misty, 
smooth 
11 
52°53 dry 
50°5 wet 


Sept. 21 
4 miles 
W. by N. 
Heads of 
Ayr 


Slight mist, 
smooth 
53°2 dry 
51°5 wet 


Sept. 21 
6 miles 
N.W. 
Turnberry 
Light 
10.25-10.45 
0 


Mist, 
smooth 
54°0 dry 
51°5 wet 


Sept. 21 


Ailsa, 
W. by S.. 


11.30-11.50 
0 


Mist, very 
slight swell 
29 
55°0 dry 
51°4 wet 


Sept. 21 
Ailsa, 
W. by S., 
close to 


12.35-12.45 
0 


Mist, 
smooth 


33 


55°3 dry 
52°3 wet 


Sept. 21 
8 miles 
W. by N. of 
Ailsa 


14.15-14,25 
0 


Mist, 
swell 
283 
55°5 dry 
52°0 wet 


Fathoms 


55 4+ 


55°6 


55-1 


| 


552 
55°0 
550 
552 


55-4 


55°6 
556 
556 


55'6 


55°4 


551 
“553 


55°7 


* 


_ * Observation made 3 fathom deeper than indicated. 


t Observation made 1 fathom deeper than indicated. 


9.30-9.38 
Haze, 
| 
30 ees eee ee 


1887, 


Date . 
Position 
| Hour . 

Wind. | 
Weather & 


Temp. 
Air. 


of 
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CHANNEL, 


- Sept. 21 


Mist, 
swell 
46 
55°0 dry 
52°5 wet 


PLATEAU, 


Sept. 21 


Off Rhuad 
Point 


17.45-17.55 
0 
Mist slightly 


increasing, 
slight swell 
23 
54:2 dry 
51°S wet 


Sept. 22 
Campbel- 
town Loch, 
off ship- 
yards 
9.15-9.20 

0 


Mist, 
smooth 
9 
dry 
52°0 wet 


ARRAN BASIN. 


Sept. 22 
Davaar 
W.N.W., 
about 4 
miles 
11.25-11.35 
0 


Mist, bright, 
smooth 
55°5 dry 
wet 


Sept. 22 


12,5-12,20 
0 


smooth, 
41 

55°5 dry 

52°0 wet 


Off Davaar 


Mist, bright, 


‘Sept. 22 


Point 
13.35-14.0 
0 
Haze, 
bright, 
smooth, 
75 


58°0 dry 
53°83 wet 


Off Imachar 


Sept. 22 


Off Loch 
Ranza 


15,20-15.33 
0 


Cloudless, 

bright, haze, 

smooth 
52 

58'7 dry 

4°7 wet 


Fathonis 


CONT SO) Ot CO bo 


55'8 


55°9 


54:9 
54°9 
55°0 


55-1 


| 


53°5 
52°1 
522 


51°7 
51°6 


51:4 


51‘1 


t Observation made 1 fathom deeper than indicated, | 


Sands 
| 
15.25-15.48 
= | 
10 | | ste 
40 52°7 | 
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1887. 


Date . 
Position 


Ifour . 


| Sept. 22 
Inchmar- 


~nock Water 
16.14-16.39 


Sept. 22 
Skate 
Island 

17.25-18.0 


Wind. 


W.S.W., 0°5 


W., 2 


ARRAN BASLN. 


Sept. 25 
Laggan 
Bay, close 
inshore 
$.55-9.5 
0 


Laggan 
Bay 
9.7-9.12 
N., 0°5 


Sept. 23 


Sept. 23 | 
Off Laggan 
Bay 
9.14-9.20 
N., 0°5 


Sept. 25 


Off Laggan 


Bay 


9,.23-9.58 
N., 0° 


Sept, 25 
Off Laggan 
Bay 


9.40-10.3 
N.E., 


Mist break- 
ing, suns, 
gleaming 

more 
strongly, 
smooth 
102 
49°2 dry 
49°3 wet 


Cloudless, 
bright, 
slight haze, 
smooth 


Mist, 
Clearing 
overhead, 
smooth 


Mist, 
clearing 
overhead, 
smooth 


Mist, 
clearing 
overhead, 
smooth 


Bright, 
clear, 
smooth 


Weather | 
Sea ‘ | 


Fathoms 


Mist, thick, 
smooth 


Depth 
Temp. 
Air. 


87 
589 drv 
54°7 wet 


104 
59°0 dry 
51°35 wet 


48°9 dry 
49°2 wet 


22 
48'9 dry 
49°2 wet 


$1 
48-9 dry 
49°2 wet 


70 
48°9 dry 
49°2 wet 


04°] 


54-0 


CP © 


53°8 


53°01 


53-2 


52°8 


on; 


51°8 52°3 


50°2 


49°3 


49°3 


| | 
552 | 
18 | | | | 
20 
30 53°1 53:0 
| eee eee | ere ese 
| 9 | | | | 
| 


1887. 


ARRAN BASIN. 


Date . 


Position 


Wind. 


Weather & 
Sea. 
Depth 
Temp. 
Air. 


Ilour . 


( 
f 
§ 


of 


Sept. 23 
Towards 
Skate Island 
10,8-10.15 
0 


Mist thicker, 
sun gleam- 
ing, smooth 


49°2 dry 
49°53 wet 


Sept. 25 
Skate Bay. 
close inshore 
10.29-10.55 
Northerly, 
0°5 


Misty, 
bright, 
smooth 
49-2 dry 
49°3 wet 


Sept. 25 
Off Kilfin- 
nan Bay 
12.14-12,54 
0 


Less mist, 
bright, 
smooth 

77 


52°0 dry 
51°0 wet 


Otter 
Beacon 


13.15-15.26 


0) 


llaze, 
bright, 
smooth, 
30 
52°0 dry 
51°0 wet 


LOCH 


Sept. 25 sept. 25 ; Sept. 23 


Gortans 


15,53-14.7 
0 
Dull, haze, 
smooth 


47°2 dry 
53°7 wet 


FYNE. 


Paddy Rock 
14.40-14.47 
Dull, haze, 


smooth 


16 
57°2 dry 
53°7 wet 


Sept. 25 


Furnace 


15.10-15.5 


W., 0°5 
Dull. 
smooth 


5S°0 dry 
54°5 wet 


Fathoms 


CONT SD 09 bo © 


53°9 


ere 


50:0 


543 


| 


532 
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| 


t Observation made 1 fathom deeper than indicated, — |; Observation made 1 fathom less deep than indicated. 


| 
| | 34 
| 
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1887. 


Date . 
Position 


Hour . 
| Wind . 


| Weather & 


Sea . 
Depth 
Temp. 

Air 


of § 


LOCH FYNE. 


ARRAN 
BASIN. 


KYLES OF BUTE. 


Sept. 25 


Strachur 


16,10-16.45 


W., ld 
Tiaze, 
bright, 
smooth 
74 


Odry 
54°35 wet 


Sept. 25 
Inveraray 


17.15-17.57 
S.W., 1-2 
Haze, 
bright, 
smooth 
64 


dry 
54°3 wet 


Sept. 23 


Dunderave 


17.56-18.10 | 18,35-18.45 
0 


W., 1 


Slight haze, 
smooth 


36 
59°59 dry 
53°0 wet 


| Sept. 23 


| Cuill 


Dull, haze, 


smooth 
15 

50°) dry 

wet 


Sept. 24 
Off 
Ardlamont 
Point 
15.37-18.46 


haze, 
smooth 
21 
57°7 dry 
99°0 wet 


Sept. 24 
Angle of 
Kyles 
14.37-14.45 
S.W., 0°5 
Bright, 
smooth 
27 
59°0 dry 
55°6 wet 


Sept. 24 
Ormidale, 
Loch 
Ridun 
14.57-15.7 
0 


Bright, 
haze, 
smooth 
12 
dry 
55'°6 wet 


Fathoms 


0 


CONTI SD Cie COD 


51°2 


53°3 


52°5 


52:0 


56-4 
54°7 


520 


56°5 
54:9 


54°3 


53°9 


54-1} 


¢ Observation made 1 fathom deeper than indicaied. 


- 


34 48:0} | 47°74 | 
58 eee | | eee | 
62 45°64 ou. | 
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Date . 
Position 


Hour . 
Wind. 


Weather & § | 


Sea. 


Depth 
Temp. 
Air. 


KYLES OF 
| BUTE, 


DUNOON BASIN. 


KYLES OF 
BUTE. 


LOCH STRIVEN. 


HOLY 
LOCH. 


Sept. 24 


Strone 
Cotes 


15.50-15,57 
S.W., 0°5 
Haze, 
bright, 
smooth 
20 
59°0 dry 
55°6 wet 


Sept. 28 
Knock Hill 
12.50-13.0 


N., 2-3 
Smooth 
42 


50°3 dry 
45°0 wet 


Sept. 28 


Knock Hill | 


13.15-13.20 
N., 2-3 


Smooth 
16 


50°3 dry 
45°0 wet 


Sept. 28 
Bogany 
3.93-14.8 
N.E., 2 
Bright, 
smooth 


27 
51°38 dry 
44°7 wet 


Sept. 28 
Off 


Clapochlar 
Point 
15.15-15.37 
N.E., 1 


Bright 
33 


Sept. 28 
Head 


11 


Sept. 29 


-Kilmun 


Fathoms 


CONT CO © 


541 
52°7+ 


54°4 


541 


541+. 


53:9 
54-0 


54°3 


5414. 


53°9 


53°6 
53°4+ 


517+ 


54°1 


t Observation made 1 fathom deeper than indicated. 


| 
| i ! 7.56-8.8 
| Rain, 
squally, 
| 
52°0 dry 
| 
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1887. 


DUNOON BASIN. 


LOCH GOIL. 


‘Date . 
Position 


Hour . 
Wind . 
Weather «& 
Sea 
Depth 
Temp. 
Air. 


“ 


Sept. 29 


Gantock 
Beacon 


8.50-9.15 
N.N.E., 6 
Bright, 
rough 
41 
52°0 dry 
wet 


Sept. 29 


Off Strone 
Point 


9,56-10.15 
N.E., 2-5 
tain 
3 
dry 
wet 


Sept. 29 
Between 


Ardentinny 
10.50-11.4 
E.N.E., 6 

Bright, | 
smooth 
41 
dry 
51°3 wet 


Fathoms 


53°6 
53°8 


033 


53°3 


536 


540 
53°7 


53°8 


Sept. 29 
Dog Rock 


11.40-12.0 
N.E., 4-9 
Bright, 
smooth 


Sept. 29 


Dog Rock 


12,10-12,15 


1] 


Sept. 29 
Head 


12,55-13.5 
E.N.E., 6 
Nain, 
smooth 
17 
56°7 dry 
50°4 wet 


Sept. 29 


| Stuckbeg 


13.25-13.45 
E.N.E., 
tain, 
smooth 
45 
dry 
wet 


| 
| 


54°9 


534 


52:8 


53°3 


t Observation made 1 fathom deeper than indicated. 


| 
Coulport 
| 
| |_| 
| | | 


1887. 


LOCH 
GOIL. 


LOCH LONG. 
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GARELOCH. 


FYNE. 


Date . 
Position 
Hour . 
Wind. 


Weather & 
Sea. 
Depth 


Temp. of 
Air. 


Sept. 29 
Carrick 
Castle 


14.0-14.11 


N.W., 2 


Bright 
24 


Sept. 29 
Thornbank 
15.6-15.24 

N.E., 1-2 

Bright, 

smooth 


3l 
55°5 dry 
51:0 wet 


Sept. 29 
Arrochar 
15,58-16.4 
N. Biss 1-2 

Bright, 

smooth 

11 
55°d dry 
51°0 wet 


Sept. 30 
Row II. 
7.35-7.42 
N.N.E., 1 
Bright, 
smooth 
21 
56°3 dry 
49°7 wet 


Sept. 30 
Shandon 
8,1-8.13 
N.N.E., 1 
Bright, 
smooth 


22 
56°35 dry 
49°7 wet 


Sept. 30 
‘Tead 
8,30-8.35 
N.E., 1 


Bright, 
clear, 


56°3 dry 
49°7 wet 


Nov. 5 
Head 
13.30 

N.W., 0°5 
Overcast, 
smooth 


16 


Fathoms 


Ot CO © 


53°4 


51-4} 
49:1 
48-24 


54°3 


53-0 


53-9 
54:0 


542 


54-1} 


__VOL, XVIIL. 


t Observation made 1 fathom deeper than indicated, 


15/5/91. 


54-1 
54°1 
54°6 


B44 


46°0 
46°4 


49°5 
49°8 


501 
50°1+ 


Tx 
| 
| 
smooth | 
| 
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1887, LOCH FYNE, 
Date . : Nov. 5 Nov. 5 Nov. 5 Nov. 7 Nov. 7 Nov.7 | Nov.8 
iti Off | Off Off Sead Off Off Off 
Position . | Dunderave Inveraray | Strachur Dunderave | Strachur | Strachur 
14.10 15.0 16,10 14.10 15.10 16.30 12.10 
We. 0 Northerly 0 N.E., 4 N.E., 4 N.E., 4 E.S.E,, 2 
Overcast, 
Weather & Overcast, | Overcast, | Overcast, | sunshine Overcast, | Overcast, | Overcast, 
Sea. smooth smooth smooth joccasionally, rough rippled 
| rough rough 
Depth : 33 | 55 74 6 34 74 6 
Temp. of Air 47°8 470 46°5 49°2 
Fathoms | | 
0 45°8 459 49°7 49°8 49°8 49°8 
1 46°3 46°9 46°4 49°38 49°8 49°8 49°6 
2 49°] 47°6 49°6 49°7 49°8 49°7 
3 49°3 47-2 49°7 49-9 | 49:8 
5 . 49°8 49°9 496 497 49°7 49-7 
49°6 
10 | 50°0 49°6 49°9 49°8 
12 | a 49°7|| 49 9+ 
14 49°5|| 49°8} 
20 50°1 49°6 49:9 
24 
26 
32 49°2 49°2+ 49°6+ 
44 480 
46 
48 
52 46 8} 46-9+ 
56 
58 
66 7 
68 
76 
78 
80 
82 | 
84 | 
86 
88 | 
90 | 
92 
94 
96 
98 
100 
102 
104 
106 
108 


t Observation made 1 fathom deeper than indicated, |! Observation made 1 fathom less deep than indicated. 


a 
eee i ee eee eee 
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LOCH 


Date . e Nov. 29 ee Nov. 29 Nov, 29 Nov. 29 Nov. 29 Nov. 30 
O Above 
Position . Head Shandon tow I, Thornbank Head Head 
Hour . ° 9.30 ’ 10.0 10.40 10.55 13.50 14,25 8.50 
Wind . N.E., 0°5 0 | NE, | NE, 08 0 0.5 | 
Weather & Dull, Overcast, | Dull, hazy, | Dull, hazy, Hazy, Hazy, Overcast, 
Sea . . smooth smooth smooth smooth smooth smooth smooth 
Depth "te 10 23 21 12 3 7 14 
Temp. of Air 39°8 wes 40°0 39°2 42°0 41°2 35°5 


Fathoms 
43°9 435°9 44°8 43°5 44°9 44°8 
46°0 46°1 46°1 
44°4 
‘0 48°0 48-1 
46°8 


GNIS Ore Co © 


12 47°] 48°5 49:24 


99 47°5 49°3 


t Observation made 1 fathom deeper than indicated. 


- ese 
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1887. 


LOCH GOIL. 


DUNOON BASIN. 


DUNOON 
_ BASIN. 


Date . 
Position 


Hour. 
Wind . 


Weather & ( 


Sea. 


Depth ‘ 
Temp. of Air 


Nov. 30 
Off 
Struckbeg 
N.W., 0°5 


Overcast, 
smooth 


45 
37°0 


Dull, rain, 
smooth 


1] 
40°1 


| Nov. 30 
Dog Rock 


10.30 
S.E., 1 
Dull, rain, 
sinooth 


50 
40°0 


Nov. 30 
Off 


Coulport 
11°30 


Dull, rain, 
squalls, 
ripple 
3 


42°0 


Nov. 30 
Stone Point 


12.30 
S.W., 4 . 
Overcast, 

rough 


33 
44°8 


Dull, rain, 
smooth 
14 


Nov. 30 
Off 
Dunoon 
14.25 
S.W., 3 
Dull, rough 


52 


49°0 


Fathoms 


49-0 


49°9 


49°6 


49°4 


42°5 
45°1 

47°38 

| 48°3 


42°5 
45°0 


42°8 
42°9 
47°2 
47°6 


48°3 


49°0 
49-0 


45:0 


48°7 


48°5 


49°14 


47 °2 
47°2 


48°3 


| 48-4 


48°4 


t Observation made 1 fathom deeper than indicated. 


HOLY 
oo. 
Nov. 30 
Nov. 350 Off 
Kilmun 
0 
45°8 
3 45:8 
| 4 47° 
49-0 
16 
24 
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1887. 


Date . 
Position 


Hour 
Wind . 
Weather & 
Sea . ‘ 


Depth 
Temp. of Air 


ARRAN 
BASIN. 


Dec. 2 
Off 


Garroch 
Head 
9.30 

W. by N., 


Overcast, 


61 
45°5 


5 


very rough 


KYLES OF 
BUTE. 


LOCH STRIVEN, 


KYLES OF BUTE. 


Dec. 2 
 ogany 


(11.25 


Overcast, 
showers, 
moderately 
calm 


W. by N., 6 


Dec, 2 
Head 
14.25 


W. by N., 5 


Dull, rain, 
smooth 


11 
0°5 


Dec. 2 


Off 
Clapochlar 
14,50 
W. by N., 9 
Dull, rain, 
smooth 


34 


Dee. 2 


Off Strone 
Cotes 


15.50 


W. by 6. 


Dull, 
showers, 
roughish 

19 
48°5 


Dec. 3 


Head of 
Loch Ridun 


8.10 
W.N.W., 5 


Overcast, 
smooth 


11 
50°5 


Dec. 3 


Mouth of 
Loch Ridun 


8.30 
W. by S., 5 


Dull, rain, 
smooth 


29 
50°5 


Fathoms 


© 


48-0 
48-1 
48°] 
48:3 
486 
48°4 


48°4 


48°1 


49°3 


49°8 
49°8 


50°1 


48°9 
48°9 


49°] 
49-2 
49°6 


50°1 
50:0 


50°1 


49°0 


49°3 


47°8 


48-0 
49°] 


49-0 


49°4 


¢ Observation made 1 fathom deeper than indicated. 


| 
48°] 
14 
18 
| eee eee eee 
58 
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iss7,, OF ARRAN BASIN, —|PLATEAU.| ARRAN BASIN. PLATEAU, 
Date . Dee. 5 Dee, 5 ae 5 Dec. 8 Bh roe 9 Dee. 9 Dec. 10 
Off Ardla- | Off Loch miles S, Off Ross (Bet. Davaar 
Position mont Point} Ranza of Sanda Island & Pladda 
Hour . 9.50 10.50 12.45 11.0 11.45 14.20 8.45 
Wind. waw. swe N. by E.,5|-N. by E., 2 | Southerly, 
Overcast Sunshine at] | Overcast 
Weather & Overcast, | Overcast, | Sunshine at Overcast, times, — ab snow 
Sea. very rough rough times, very | Very rough | southerly - rou ch showers, 
| rough swell smooth 
Depth 25 30 77 50 77 43 23 
Temp. of Air. 45°0 47°0 44°5 44°0 37°0 
Fathous | | 
2 48°9 48°3 48°8 49°8 479 
5 48°3 48°7 49°9 47°8 
8 48°2 48°7 
10 48°6 49°8 47°8 48°] 
12 48°8!| 47°9 47°9 
14 48°9 48°3 48 49 °8} 
20 48°3 48°8 49°9 
24 48°3 479+ 
26 
30 48°6 48°8 480 
34 48°6 
36 - oe 
38° 49-9} 
49 48°] 
44 
46 
49H 
50 48°8 480 
52 
ibe 
56 48°9 48-0 
58 
60 
62 
64 
66 48°8 
68 
70 
72 
74 
76 2 48°9 
628 
82 52 
88 65 ! 
90 
92 LASSE 
94 | 
96 | 
100 
108 | | 


¢ Observation made 1 fathom deeper than indicated... | Observation made 1 fathom less deep than indicated. 
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KYLES OF LOCIL 
1887. PLATEAU, ARRAN BASIN. BUTE, ARRAN BASIN. FYNE. 
Date . Dec. 10 Dec. 10 Dec. 15 Dec. 16 
Off Off Otter 
sition S.W. of Bogany Garroch | Kiltinnan 
Hour . 11.15 15,10 . 16.20 13.40 14.45 
Wind. 0% N.W., 2 0 S.W.,1 W., 6 N., 65 
| freshening Smanoth Overcast, | Overcast, Overcast, 
smooth mooth ively rain, rough | parative 
_| Depth ‘ 24 66 81 28 61 83 24 
Temp. of Air 41°7 42°0 
Fathoms | 
47°7 47°9 46°0 46°5 46°3 
2 46°2 45°] 46°3 
5 47°9 47°] 45°2 46°] 
45°5 46°5 
12 476+ 46'8 46°8 
16 47°3| 47-0} 
20 48°0 48°0 46°1 46°3 
30 48°0 47°60 46°7 48°3 
34 
36 
44 48 °0+ 
50 47°6 48-9 
66 32 
68 
70 48°3 ga 
6 zs 
80 48°6 “a 
82 7 49°] = 
$4 
86 = 
&8 an 
90 
92 
64 
96 
98 
100 
102 
104 
106 
108 


t Observation made 1 fathom deeper than indicated. | Observation made 1 fathom less deep than indicated. 


| 

| 

| 
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ARRAN 
1887. LOCH FYNE, BASIN. 
Date . Dec. 16 Dec. 16 Dec. 17 Dec. 17 Dec. 17 Dee. 17 Dec. 18 
Position Gortans Furnace Cuill Dunderave OffInveraray} Strachur |Skaic Island) 
> very oy Ver W., ver .W., 3-6, 
Wind . S.S.W., 1 W,, 1 heavy heavy pile 6 squalls 
Weather & Rain, Rain, tain an Overcast, S owers a Snow 
Sea... sinootl smooth hail, rough | pen 
34 38 15 36 65 74. 107 
Fathoms 
47°0 46°0 43°6 44°5 46°7 
4 43-0 45:1 46°7 
5 47°3 46°8 44°4 45°3 46°1 
—44°6 ~45°5 64671 46°2 
10 47°3 47°4 46 6 46°3 46°D 47°3 
14 48°1+ 47°8 480+ 
18 jag 48°] 48°1 
24 48:3} 483+ | 47°44 
40 p> 48°3 47°4 
< 48°3 48°4} 476+ 
50 
68 
72 72 46°1} 
80 = a... 
— 
92 ses | | 
100 > 
104 
106 48°4 
108 7, 


+ Observation made 1 fathom deeper than indicated. 


| Observation made 1 fathom less deep than indicated. 


a4 
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Date . ‘ 
Position 


Hour . 
Wind. 


Weather & 
Sea. 


Depth 


Temp. of Air 


KYLES OF 
BUTE. 


Dec. 19 


Bogany 


14.45 
N, N. W, 9 9 


Bright 


27 


ARRAN 
BASIN. 


PLATEAU. 


ARRAN BASIN. 


Garroch 
Head 
16.0 
N.W., 1 
Clear, 
compara- 
tively 
smooth 
64 


Davaar Isl. 


11.0 
W.S.W., 1 
Overcast, 
compara- 

tively 
smooth 
22 


Dee, 23 


Off 
Carradale 


11.45 
N.N.W., 2 


Bright, 
roughish 


65 


Dec. 24 
Bet. Carra- 
dale and 
Machry Bay 
11.0 
N., 1 
Bright, 
smooth 


49 


Dec. 26 
North of 
Pluck 
Point 
11.25 
0 


Overcast, 
smooth 


44 


eae 


Dec. 27 


S.E. of 
Ross Island 


11.45 
S.E., 0° 


Bright, 
swell 


o7 


Fathoms 


WOON HOP WN © 


462 


44°7 
44°7 


44°6 
45°8 


45-9 


45-7} 


45°0 


45°] 


46°3 


44-9 
44-9 
45°1 
45°6 
46°1 
46°3 


46°3 


45°7 


45°9} 


44°3 


45°4 


45°5 
46-2 


46°3+ 


t Observation made 1 fathom deeper than indicated. | Observation made 1 fathom less deep than indicated. 


VOL. XVIII. 


15/5/91. 


Q 


| 
— 
43°9 44-0 45-1 
44°5 44:0 
44°6 44°6 
44:8 
10 47°4 46°3 45-2 
14 46°4+ 460+. 
16 47 +5 | 
20 47 46°3 
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| 1887. ARRAN BASIN. CHANNEL, PLATEAU, | ARRAN BASIN. 
Date . ~ Dec, 28 Dec. 30 Dec. 31 Dee. 31 ‘Dee. 31 |Jan.1, 1888) Jan. 1, 1888 
SSW. of 1 mile E. of | 1} miles off Lech 
n oc 
Hour . 12.15 2.0 13.0 14,55 16.10 12.0 13.40 
Wind . N.E., 1 0 W., 3 W., 4 W., 2 SS.E., 5 | SSE, 4 
Weather & §| Bright, Bright, Overcast, | Overcast, iad Overcast, 
Sea ‘ ‘ roughish | Overcast comet’ 
Depth. 80 55 49 21 22 9 9 
Temp. of Air one 41°5 4()°2 owe 
0 44:4 44°] 47°2 459 | 446 45°0 45°1 
2 44:5 44-9 | 
4 44°3 45°1 45:1 
45°0 47°3 46°3 44°D+ 
16 45°7 Bet 
45°8 45°8 47°3 46'9 44°6+ 
26 eee eee 
28 47°2 
30 
32 
34 —-46°0 
36 
38 47°3 
40 46°2 
42 
44 46°2 
46 
48 oe 47°3 
50 
52 
54 46'2 
56 
58 46°2+ 
Bp 
64 
66 
68 46°2+ 
70 
72 3 
78 46-2} 
o 
82 
84 
88 
90 
92 
102 
104 
106 
108 


t Observation made 1 fathom deeper than indicated. 


i 
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1888, ARRAN BASIN. 


LOCH FYNE. 


Date . 
Position 
Hour . 
| Wind. 


Weather & 
Sea. 

Depth 

Temp. of Air 


Jan. 1 


Loch 

Ranza 

16.40 
N.E., 1 
Overcast, 
smooth 


overcast, 
smooth 


Jan. 2 
Bet. North 
of Arran & 

Skipness 
9.35 
Snow, 
overcast, 
roughish 
66 


35°2 


Jan. 2 
Off 
Skate 
Island 
13.0 
E., 1 


Overcast, 


| smooth 


107 


Jan. 3 


Off 
Kilvinnan 


S., 3 
Sunshine, 
cloud, 
roughish 

80 | 


Jan. 3 
Otter 
Beacon 
13.0 
S., 3 
Overcast, 
rough 


24 
44°1 


Jan. 3 
Gortans 
13.40 
S., 4 


Overcast, 
rough 


33 


Fathoms 


OONTS CON © 


44-6 
44-9 
45-0 
45-0 
45°] 


| 


45-0 
450 


45°1 


46-1 


45°7 


‘6-4 


46°9 


46°9 


- 


46:0 
460 
46°1 
46°5+ 
46-9} 
46-4. 
46°6 
46°S+ 


46°0 


t Observation made 1 fathom deeper than indicated. 


45°9 


46°1 


46°2 


| Locl 
| 4 
| | 11.50 
Snow, | 
8 | | |_| 
| is 
46-0 458 
i2 | 46°2+ 46-0 
30 
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1888, 


LOCH FYNE., 


Date 
Position J 


Hour. 
Wind . 


Weather & § 


Sea. 


Depth ‘ 
Temp. of Air 


§., 4 
Overcast, 
rain, 
roughish 
37 


Jan. 3 


Opposite 
Furnace 


15,20 
S., 2 


Rain, 
smooth 


15 


Jan. 3 
Pennimore 
Point, 
close to 
Lee Shore 


Jan. 3 Jan."6 


Inveraray | Inveraray 


10.45 
S., 3 


21.20 | 
S.S.W., 4 


Rain, Rain, | Overcast, 
roughish rough | roughish 


15 7 9 


Jan. 6 


Strachur 


12.30 
5 
Overcast, 
rain, 
rough 
9 


Jan. 6 
Pennimore 
Point, 
centre of 
Loch 
13.5 
S., 4 


| Overcast, 
rough 


Fathoms 


46°8 
46°6 


46°38 


472 


473 


46°8 
46°8 
47°] 
47°3 


46°5 


Off 
( Furnace 
15.45 
— wa 
39:6 41:3 
10 47-2 47°3 473 
100 | | | 
104 | | | | 
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1888. LOCH FYNE. 


Date . 


Position . 


. 

Wind. 

Weather & 
Sea. 

| Depth 

Temp. of Air 


Jan. 6 
Pennimore 
Point, 
close to 


Lee Shore | 
13.15 


S.W., 3 
Rain, 
roughish 
15 


Jan. 6 
Furnace 


S., 3 
Overcast, 


Jan. 6 


Opposite 
Furnace 


Jan. 6 


Nearer 
Minard 
Shore 


14,59 


Overcast, 
rough 
40 


Jan. 7 


Inveraray 


Jan. 7 


Strachur 


Showers, 
roughish 
8 


Fathoms 


44:8 
47°3 


471 


46°7 


47°3 


47-0 
47°0 


46-9 


46°8 


46°6 
46°5 
46-6} 
46°44 
46°3- 
46°24 


46°1 
46-2 
46°1 
46°3 
46°8 


Wind was blowing up the Loch, not off the Shore 
as on previous days 


Observation made 1 fathom deeper than indicated. 


Off 
Rock 
13.45 14.0 14.40 | 8.15 9,20 
- a S., 4 S.W., 3 4 W.S.W., 1 W., 3 
Overcast, | Overcast, a Rain, a 
rough rough rough smooth 
37 15 16 S 
| 
46°7 46'7 46°4 44:0 
46°3 44-6 
46-0 
46°3 46°5 
46-4 46°5 | 
14 ES 46°44 
| 


1888. 


Date . 
Position 


Hour . 


Wind. 


Weather & § 


Sea 


Depth. 
Temp. of Air 


ARRAN 
BASIN. 


Gortans 


11.0 


S.W.by W.,3 


Overcast, 
rough 
30 


7 


Skate 
Island 
13.25 


W., 2 


Showers 


Mist and 
rain, 
smooth 


36 
47°0 (wet) 


LOCI! STRIVAN. 


Jan. 8 
Ifead 


9.0 
N.W.&N.E. 
gusts from 
all direc- 
tions, 


Rain, mist, | 


smooth 


12 
50.2 (wet) 


Jan. 8 
Off 
Artaraig 
Hills 
9.40 


roughish 
50°2 (wet) 


Jan. 8 


Off 
Clapochlar 
Point 
10,15 


S., 2 


Rain, mist, 
roughish 


37 


Rain, 
mist, 
smooth 

3 


6 
51°1 (wet) 


Fathoms 


Whe © 


46-4 
46°3 


45,9 


45°8 


4558 


44°8 


46-0 
44:3 
44:2 

46°2 
46°3 
46°3+ 


44-9 


460 


46:0 


46-6} 


46-8} 


Loch Strivan at 21°15. 


The temperature of the air was 52° F. in 


46-24 
46°3 
46°3+ 


44°9 
45°0 


44:8 


46°3 


t Observation made 1 fathom deeper than indicated. 
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FYNE. 
( Ott Off 
a Strone Strone 
| || 16.15 11.0 
Rain, 
ain, ist, ist, 
06 |_| 
45:9 456 
45°3 
| 60 ES | | | 
66 eee eve eee eee 
89 
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me Dr KYLES OF | ARRAN 
1888, BUTE PLATEAU, BUTE, BASIN. PLATEAU. 
Date . Jan, 8 Jan. 8 Jan, Jan.8 | Jan. 18 Jan, 18 Jan, 18 
perteind Off Off Off Off 
Off Port | between | Mouth of 
osition . Rothesay Bogan Garroch Stranraer Bennan 
Lamont Point. | Head Head 
Shore 
Hour . 11,30 11.50 12.10 13.50 8.5 12.20 15.35 
Wind. S.,1 S., 2 N.W.,4 | S.W.,1 S.,1 
Weather & §| Rain, mist, | Rain, mist, | Rain, mist, a” Overcast, | Bright, Bright, 
Sea ; smooth | roughish rough geen smooth smooth smooth 
Depth 29 22 27 63 9 
Temp. of Air 50°2 51°0 34°0 
Fathoms 
0 45°38 | 45°7 45°D 45°7 40°0 45°0 44°2 
45°6+ 45°6 45'8 45°3 
20 46°2+ 45°3 
22 
28 46°3 es 
o4 
36 
38 
46 
48 
56 
58 
66 
68 
70 
72 
74. 
76 
78 
80 
82 
84 
86 
88 
90 
92 
94 
96 
98 
100 | 
102 
104 
106 
108 


¢t Observation made 1 fathom deeper than indicated. 


| 
| 
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1888, PLATEAU. LOCH RYAN. Ax 


ae 6s Fs 19 Pee 19 Jan. 19 Jan.19 | Jan. 19 Jan. 20 Jan, 27 
orsewell | Corsewell 

5S. 3 W. och Ryan 4och Kya 

& matics sities Lighthouse| Harbour 
12.30 14,10 15.0 15.45 16,30 16.0 15.35 


Overcast, 


eavy 


Position 


Hour . 
Wind. 
Weather & 

Sea. 


Depth 
Temp. of Air 


Overcast, | Overcast, | Overcast, | Overcast, | Dense fog, 
rough rough roughish smooth smooth 


14 5 3 1l 


eee 
bak 


Fathonis 
45°2 44°9 44°6 42°3 39°8 40:0 


1 

2 

4 44°4 42°3 
7 

8 

9 


dig | 


45°4 
449+ 


96 


for) 

bo 
On 26th and 27th a strong wind had been blowing down 
| Loch Strivan 


t Observations made 1 fathom deeper than indicated. 


| 
right, 
rough 
| 
| 
10 45°1 
12 
14 | 
16 45°] 
18 
20 
22 
| 
30 
32 
34 
36 45°9 
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Loci | | ARRAN 
1888. | BASIN. | BASIN, GARELOCH, 


Date. «| Jan.27 | Jun.27 | Jan, 30 Feb. 9 Feb, 9 Feb. 9 Feb. 9 
( Between | 
Off Above 

Strone Carradale Ilead Row (I 
Point Point {and Imacher Shandon Narrows © 
Hour . 16.30 17.0 11.0 8.20 9.15 9.40 
N.N.W. V.N.W. Ws N.W., 1-3 
Wind. heavy gale N., 6 ’ | 1-4, squalls 1-2, squalls N.W., 1 squalls 

Partially chtan-. | showers Sunshine Showers 
& cloudy, very rain, cloudy, rain, 

rough smooth smooth smooth 

Depth ‘ 34 36 77 11 23 27 2 


1 
Temp. of Air| —35°0 34:9 44-9 43°5 43°6 45°0 45°9 


Position 


~ 
= 


Fathomis 
45°2 45-0 44-7 | 43'8 435 
45°3 41 | 446 | 435 44°5 
43-6 

| 44°7 
10 453 | 4571 | 44°8t 
ese ess 43:9} 44°] 


CONG 


44-1 


66 44°8 


t Observation made 1 fathom deeper than indicated, 
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1888. 


LOCH LONG. 


| DUNOON 


BASIN. 


LOCH GOIL. 


DUNOON 
BASIN. 


Date . 
Position 
Hour . 


& 


Temp. of Air 


Wind { 


Feb. 9 
Head 
14.15 


W.N.W., 
1-3, squalls 
Showers 


rain, 
smooth 


45°2 


Feb. 9 
Thornbank 


15.10 
W.N.W., 
1-3, squalls 
Showers 
rain, 
smooth 
32 


Dog Hock 


16.5 


W.N.W., 3 


Overcast, 


roughish 


50. 
45°8 


Feb. 9 
Off 
Stuckbeg 
16.50 
W.N.W., 
1-3, squalls 
Rain, 
smooth 


45 
41°0 


Feb. 10 
Head 
8.30 
W.N.W., 
1-4, squalls 


Snow, 
smooth 
11’ 
370 


Feb. 10 
Off 
Corryn 
10.55 


W.N.W., 2] >: 


Snow, 
smooth 


11 


squally 
Showers 
hail, 
smooth 
37 


38°6 


Fathoms 


43°0 
43°8 
43°8 
44°4 
44°9 
45°1 


452 


45:2. 
452 


i 


452+ 


45°24 


44°] 


44-9 


45-0 


451} 


45°] 
45°3 


46°14 


46-2 


463 


44°8 
45°4 


45°6 


46°0 


45-0 


44°6 
44°6 
44°5 
44°9 


44°8 


44:8 


t Observation made 1 fathom deeper than indicated. 


Feb. 9 Feb. 10 
Off 
Coulport 
11.40 
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DUNOON 
1888, BASIN, HOLY LOCH. | DUNOON BASIN. 


|Date. . | Feb.10 | Feb.10 | Feb.10 | Feb.10 |. Feb.10 | Feb.10 | Feb. 10 
Bet. Mouth | Goss to 

Of... of Holy | Knoe 

Blairmore | Kilmun Mouth Loch and Les shore) - Dunoon Hill 

| Lagan Point; ‘ 

Hour... 3985 13,30 14.5 14,25 15.0 16,10 17.20 


Position 


Weather " Snow Bright | pricht, | Bright, | -Bright, | Bright, Snow, 


smooth | roughish | TUShish roughish | roughish smooth rough — 
33 


Depth 12 15 33 ee 50 41 
Temp. of Air 41°0 40°8 40°8 38-1 33°0 


Fathonms 


43°8 44°0 44°] 44°] 43°7 44°0 43°8 
1 43°9 44°0 44°] 
3 44°23 44°3 
5 44°3 443 44°3 
: —44°4 44:0 ‘od 
10 44°8} 44-5} 44°3 44°3 


t Observation made L fathom deeper than indicated. 


— 
18 
26 
28 44:6} 
44°3 
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1888, 


Date . 
Position 
Hour . 
Wind. | 
Weather & { 
Sea. | 
Deptir 
Temp. of Air 


BASIN. 


N., 1 
Bright, 


slight swell 


64 
34°0 


ARRAN | KYLES OF 


BUTE. 


Bogany 
11.40 
| 
Bright, 
smooth 


35°2 


Feb. 11 


Bright 
sunshine, 
smooth 


39°8 


LOCH STRIVAN. 


14.45 
N.N.W., 1 
Bright, 
smooth 


36 
38°5 


Feb. 11 
Off 
Strone 
Point 
15.30 


Bright, 
smooth 


37 


N.N.W., 1 | 


KYLES OF BUTE. 


Feb. 11 
Strone 
Cotes 


16.30 
N.W., 1 
Bright, 
smooth 


19 
34°1 


Feb, 13 
Head of 
Loch Ridun 
10.20 
N., 0°5 
Snow, 
smooth 


11 
34°0 


Fathoms 


WONAMP 


43°8 
43°8 
44°2 
44°3 
44°54 
44°44 


44°5+ 


44-0 
44-0 
44°3 
44°4 


44°44 


44-6} 


44°6 


44°6 


44°4 


44°3 


44°4 
44:4 
44:8 
44°7 


44-2 


43°8 
43°9 
44°3 
44°3 


44°5 


44°9 


t Observation made L fathom deeper than indicated, 


Feb, 11 Feb. 11 Feb, 11 
Off Off 
Garroch Ilcad Clapochlar 
Head Point 
1l 
44° = 
450 
451 
1 44-9 4°6 
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1888, KYLES OF BUTE. FYNE. 


Date. . | Feb. 13 Feb. 13 Feb. 14 Feb. 14 Feb. 14 Feb. 14 Feb. 14 


a Mouth of | Off Ardla- |Off Kinglass ; Off Off Off 
Position Loch Ridun| mont Point Ho.” Dunderave | tnyeraray | Strachur | Furnace 
. 10.50 12.0 8.55 9.30. 10.15 ‘13.35 14.50 
Wind . | N.W.,0°% | W.N.W., 2] N., 0°5 N.E., 0°5 N., 3 
Weather & Snow, Bright, | Bright, ice Bright, Bright, Bright, | Bright, 

Sea. é calm roughish | on surface smooth smooth smooth smooth 
Depth : 27 24 20 34 62 76 36 
Temp. of Air 34°5 40°0 30°0 37 40°0 


Fathoms 
43°0 40°0 4 

—-43°0 42°0 42°5 4 

43°7 43°1 44°8 43°3 : 
4 

4 


& 


43°2 45°3 
44°2 46°4 46°1 


“M2 .... 46°6 


ON 


oh) 


4 
3 | 469 | 468 | 4 

12 4s1t | 466; | 463; | 468 | 
4 


16 44°6 462 46:0 46-2 


30 = 45°6 45°8 


t Observation made 1 fathom deeper than indicated. |; Observation made 1 fathom less deep than indicated. 


23 42-0 41°3 
3-0 41°3 
44-0 44°4 
62 45*2 
461 
46°5 
6°8 
6°7 
6-2 46°4 
6°4 
Atte 
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1888. LOCH FYNE. ARRAN BASIN. 


ee Feb. 14 Feb. 14 Feb, 14 - Feb. 15 Feb. 15 Feb. 16. Feb. 15 
0 


Between 
: Otter aman Inchmar- | Off Loch | ‘ 
Position . Gortans Beacon | Skate Island nock Water|. Ransa 
Hour . ‘ 16.0 16,45 17.20 9.20 11,10 12.25 (14.10 
Wind. . N., 0°5 N., 0°5 N., 1 N., 1 1 0°5 
& overcast, sunshine, | sunshine, | sunshine, 
smooth roughish smooth smooth 
Depth ‘ 27 23 60 107 78 —«689 60 
Temp. of Air 37°8 35°0 36°1 41°5 42°0 


Fathoms 
| 4387 43°6 43-9 437 | 440 44-0 


45°3 44°6 430 | 437 

44°] 43S | 44:0 44°] 


44-4 


CO CONT Ore COD © 


10 449 44 44-1 44°0 
14 443+ | 44-1} 


16 44°8 


44 44:8} 44:8} 


58 44-9} 


44-94 


44°9 44-5} 


44°94 


108 


t Observation made 1 fathom deeper than indicated. 


40 

| 


SCOTTISH MARINE STATION-—TEMPERATURE OF CLYDE SEA AREA. 203 


1888, 


ARRAN 


BASIN. 


LOCH 
FYNE, 


Date . 
Position 
Hour . 
Wind. 
Weather & 
Sea. ; 


Depth 


Temp. of Air 


Feb. 15 

Between 

Imacher 
and 


Carradale 


14,25 
W., 0°5 
Bright, 

sunshine, 
smooth 
80 


Feb. 16 
Mull of 
Cantyre, 


N. i W., 8 


miles | 
13.45 
S.,°1 
Bright 
swell 
64 
39°5 


Feb. 17 


Between 
Davaar and 
Pladda 


Clear, 
very rough 
20 
42°0 


Feb. 17 


South of 
Holy Island 


12.0 
6 
Clear, 
very heavy 


59 
43°0 


Fathoms 


44°] 
44°] 


44°] 
44°] 


44°2 
44-1} 


44°34 
44°34 


44-8} 


44°74 


44-94 


445 


43°7 


43°6 


43°7+ 


43-0 
43:0 
43-0 


Feb. 17 
Off 
Brodick 
14,45 
my 


Clear, 


very rough 


86 
43°2 


Feb. 17° 


Garroch 
Head 


16.25 
N., 3 
Clear, 
-roughish 
65 
42°1 


Feb. 28 


«Off 
Strachur 


11.15 
N.E., 2 
Sunshine, 
smooth to 

ruffle 


79 
39°3d.-34'0w. 


42°8 


43:0 


43-2 


44:8 
44°6 
44-7} 
44°7 
44°5 

“44-4 
4455 


t Observation made 1 fathom deeper than indicated. 


| 
| 
10 44°] 
14 44°94 44-0} 44°14 
24 44°74 44-24 44°34. 
34 44-94. 43°44. 44°74 44°44 
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1888, 


ARRAN 
BASIN. 


LOCH GOIL, 


DUNOON BASIN. 


Date . 
Position { 


Hour . 

Wind 
Weather & f 
Sea. ‘ 
Depth ‘ 
Temp. of Air 


Feb. 28 
Off 
Skate Island 


15.15 
0 


Sunshine, 
smooth 
106 
40°5 


March 1 


Head 


Bright, 


smooth 


13 
42°0 


March 1 
ff 


O 
Stuckbeg 
15.10 
N.E., 1 
Bright, 
smooth 


46 
41°9 


March 1 
Dog Rock 


March 1 
Off 
Coulport 
14.55 


smooth 


36 
42°2 


Gantock 


March1l 


March 1, 
Knock Hill 


17.30 
N.E., 0°5 
Clear, 
smooth 


40°1 


Fathoms 


44°3 


43'9 


44°9 


44-9} 


449} 


45°0} 


44°3 
44°3 


44°] 


44-0} 


44°04 


441+ 


43°0 


43°8 
44°3 


44°3 


43-0 
42:9 


43°94 


44°31 


44-3} 


43°8 


43°9 


44°) 


44°] 


44°] 


+t Observation made 1 fathom deeper than indicated. 


12.35 14.0 16.10 
N.E., 1 | | 0% 
P| right, right, right, 
+5 
— 
0 42°] 44°5 42°5 43-2 
4 
10 43-2 | 
14 43° 
40 
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1888, 


Date . 
Position 


Hour . 
Wind . 
Weather & 

Sea. 


Depth 
Temp. of Air 


PLATEAU, 


March 6 March 8 March 8 


Sanda, 
W. by N., 
4 miles 


10.30 
2 
Overcast, 

rough 


21 
45°0 


Off Mouth 
of Campbell- 
town Loch 


10.0 
8.5. W., 2 
Showers 
rain, very 
heavy swell 
22 
46°0 


Off Trench 
Beacon 
10.50 
S.S.W., 3 
Overcast, 
smooth 


11 
46°8 


March 10 
Bet. Rhuad 


Point and 
Sanda 


15.0 
Wes 
Overcast, 
heavy swell 


21 
44°8 


CHANNEL. 


March 17 


Off Deas 
Point, Mull 
_of Cantyre 


11.30 
ey 
Overcast, 
roughish 


50 
36°6 


ARRAN BASIN, 


March 19 


Off Brown 
Hiead, Arran 


10.15 
4-6, 
squalls 


rough 


11 
40°0 


Clear, very | 


March 20 
FE. of Ross 
Island, Kil- 

brennan 

Sound 
10.20 


N.E., 3 
Bright, 
rough 

36 


Fathoms 


42°3 


159 


42°3 
42°3 


42°3 
42°3 


42°24 


42-94 


42°2 


42°6 


8 


43°0 


43:0 


43°] 


43°14 


430+ 


41°8 


41°6 


41°9 


41:8 


VOL. XVIII. 


t Observation made 1 fathom deeper than indicated, 


26/5/91. 


| 
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1888, CHANNEL. ARRAN BASIN. LOCH FYNE. 


Date . : March 21 | March 22 March 22 March 22 March 22 March 22 March 22 


( Sanda, Off 
Position . Carradale Beacon Gortans Furnace 
Hour . ° 11.0 9.15 12.50 14,20 15.20 16.0 17.10 
Wind. W., 1 E., 0°5 E., 2 V., 4 E., 0°5 
Partially | 
Weather &}]| overcast, Rain, Fog, thi si Overcast, Rain, Overcast, 
Sea. ‘ heavy roughish | smooth smooth smooth smooth 
swell | 
Depth ‘ 63 75 106 79 29 34 35 
Temp. of Air 41°9 46°53 46°5 44°5 43°9 42°5 43°8 
Fathoms 


oo | 49-4 | 423 430 | 43-1 
42'8 41:9 42°1 529 43°1 


DO WH HO 


42°3 42°8 
10 42'9 49°0 42:7 | 434 

14 42°94 42°14 42:8} 

24 429+ 49°94 42°84 


43°34 


840 | | 43-0F 44-04 


42 43°0 


44 42°84 43°14 


54 42:9 | 43-2} 
68 43°3 
74 
78 


84 43-0} 
94 49-9} 


104 42°74 


~ t Observation made 1 fathom decper than indicated. 
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1888. 


LOCH FYNE, 


ARRAN 
BASIN, 


KYLES OF BUTE. 


Date . 
Position 


IIour . 
Wind. 


Weather & 
Sea. 

Depth 

Temp. of Air 


March 22 
Strachur 
18.0 


E., 


Overcast, 
smooth 
75 


42°0 


March 23 
Cuill 


9.45 
N.E., 


Clear, 
smooth 
15 


37 °2 


March 25 
Dunderave 


10.15 
N.E., 2-4, 
squalls 
Bright, 
smooth 
34 
37°5 


March 23 


Off 
Inveraray 


March 25 
Between 
Ardlamont 
Point and 
Etterick Bay 
18.5 
N.E., 3 
Clear, 
smooth 


March 23 
Mouth of 


Loch Ridun 


19.20 


Clear, 
smooth 
29 


March 23 


Head of 
Loch Ridun 
19.45 
N., 1 


Overcast a 
little,smooth 
11 


Fathoms 


43°4 
43°] 


43°] 


-43°8 
43-9 
44-0 


44°] 


430 
43-2 
43°3 
43°3 
43°3 


43°3 


42°8 


43-2 
43°3 


44°-() 


425 


42°3 


42°7+ 


43-1} 


42°4 
42°9 
43:0 


43°] 


43°] 


42°5 
43°] 


t Observation made 1 fathom deeper than indicated. 


2-4, 
4 squalls 
Bright, 
moat 
63 36 
43°2 
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Date . 
Position 
Hour . 
Wind. 


Weather 
Sea. 


& 


Depth ‘ 
Temp. of Air 


DUNOON 
BASIN. 


KYLES OF 
BUTE. 


March 27 
ff 


O 
Knock Hill 
8.40 


N., 1 


Snow, 
smooth 


44 


Fathoms 


March 27 
Off 


Bogany 
11.40 

Bright sun- 

shine, . 

smooth 


29 
41°5 


BASIN, 


DUNOON | 


HOLY 
LOCH. 


DUNOON BASIN. 


LOCH 
GOIL. 


March 27 
Gantock 


14.0 
5 
Bright, 
smooth 
38°9 


March 27 
Kilmun 


14.55 
S., 0° 


Overcast, 


smooth | 


13 


41°9 


March 27 © 
Strone Pt. 


15.30 
Partially 
overcast, 
smooth 


March 27 
Coulport 


16.15 
S.S.W., 2 


Overcast, 
roughish 


oo 
eee 


March 28 
Head 
9.30 

‘N.S, 

Overcast, 

smooth 


11 


42:8 
42°7 


43°6 
43-0 


43:0 


43-0 


43-0 


43°0 


429 


42°9 


43-9 


# Observation made 1 fathom deeper than indicated. 


{ 

= 
= 

18 42°3 42°8 
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1888. 


LOCH- 
GOLL. 


DUNOON 
BASIN. 


LOCH LONG. 


GARELOCH. 


Date . 
Position 
Hour . 
Wing. .f 


Weather & { 
Sea 

Depth 
Temp. of Air 


March 28 
Off 
Stuckbeg 
10.30 
E., 4 
Overcast, 


March 28 
Dug Rock 
11,25 
E., 6 


Overcast, 
rough 
47 


March 28 
Off Thorn 
Bank 
12.15 
N.E., 6 
Overcast, 


March 28 
Arrochar 
13.20 
N.E., strong 
gale 
Snow, 
smooth 
11 


40°0 


March 28 
Row I 
16.45 

N.E., 6 
Snow, 
roughish 
11 


March 28 
Above 
Narrows 
17.5 
N. E. 6 
Snow, 
roughish 
17 


35°7 


March 28 
Shandon 
17.30 
N.E., 5 

Sleet, 
roughish 
21 


36°0 


Fathoms 


43°6 


43°0 


42°6 


42°7 


42°8 


42°6 


43°1 


43°0 


43-0 


41:9 
41°6 


422, 


419 


41°8 


41°9 


41°9 


t Observation made 1 fathom deeper than indicated. 


! 
smooth rough 
46 34 
38'S 40-2 85°5 — 
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| 1888. | 


| 


Position . 


Date . 


Hour. 
Wind. 


Weather & ( 


Sea 


Depth 
Temp. of Air 


Head 
18.15 


Snow, 
smooth 


March 28° 


N.E., gale 


| KYLES 


March 29 


OF BUTE. 
March 29 
Clapochlar 


STRIVAN. 


ARRAN BASIN. 


Point 


15,29 


N.E., 2 


Rain, 
smooth 


37 
39°8 


March 29 
Head 
16.15 

N.E., 2 
Rain, 
smooth 


12 
40°0 


March 30 


Garroch 
Head 


11.0 
N., 1 


| Overcast, 


smooth 


65 
44°5 


March 30 


Off 
Brodick 
15.40 


N.N.W., 1 


Dull, 
rain, 
roughish 
63 


44°4 


March 30 
South of 


roughish 
5 


43°8 


Fathoms 


41°5 


420 


420+ 


42°1 
42°7 


43-0 


432 


43-1 


42°9 
42°9 


43°1 


41°9 
41°9 


42°1 
420 


422 


42-0 
41°9 

41°8 


42°0 


42°] 


41°9 


41°9 


+ Observation made 1 fathom deeper than indicated. 


GARE. 
aly 
| Cotes | Istana 
| 14.30 | 17.2 
LE N., 2 
ain, rain, 
20 
0 41°8 13-0 
1 
= 
41°7 
12 
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1888, [CHANNEL| ARRANBASIN. | | ARRAN BASIN, PUNOON 
Date. . | Marchs3l April 3 April 6 April 7 April 7 April 8 April 9 
( Mull of dune Point Skate Off Off South of 
| Position Cantyre Kilbrennan Island Strachur Gantock 
BOW. 11.20 12.0 12.40 12.45 17.15 14.0 13,25 
Wind, N,2 | NE,13] | Calm Calm [NE by 
Clear Bright | Sunshine | Sunshine 
Weather & heave |, Overcass, | and cloud, | Overcast, | Sunshine, 
Sea roughish > | smooth. smooth smooth 
Depth. 35 43 97 75 a 43 53 
Temp. of Air 460 50°0 46°7 45°5 
Fathoms 
0 43°0 42°0 44°] 44°§ 44°0 43°9 44°0 
44°2 44°0 43°1 44°0 
3 42°8 43°8 43°2 
42°8 41°8 42°8 43°4 43°1 42°8 42°7 
10 43°0 41°9 42°8 43°4 42°5 41°9 42°3 
14 43°0: 42°O+ 
20 42°6 43°0 42°6 42°3 
26 
28 
32 41°8 422 42°3 
36 
38 
42 41°9 42°3 42°2 
44 via 
46 
48 
50 
52. 49-2, 
54 43-0 
42°8 
58 i 
60 
62 
64 
66 
68 
70 
72 
74 
76 26 
78 
80 
82 
84 
86 
88 
90 
92 
94 
96 42°7 
98 
100 
102 
104 
106 
108 


t Observation made 1 fathom deeper than indicated. 


-- 


2912 SCOTTISH MARINE STATION—TEMPERATURE OF CLYDE SEA AREA, ~- 


va ARRAN LOCH KYLES : 
1888, | DUNOON BASIN. | BASIN. , STRIVAN.| OF BUTE, | ARRAN BASIN, 


Dee. | April1o | April10 | April10 | April14 | Aprili4 | April14 | May 16 
Off Off 


Garroch | Skate Off 
Position . Gantock Knock | | Clapochlar Strone 
Hill Point Cotes | | island 
Hour . . 9.40 12.10 13.50 18.5 14.15 17.50 11.0 
0 1 1 1 S.W., 2 S.W., 4 
ull, ain -artially artially Thick and 
& rain, dull, overcast, | overcast, rain, 
roughish smooth smooth smooth rough 
Depth : 53 | 43 64 55) 21 107 107 
Temp. of Air oes ove eee one 47°9 


Fathoms 

0 43-2 43-9 430 44-4 43:9 45°] 
42°38 | 427 43°4 499 
42° 42°6 43°1 45°1 
| 
10. | 42:3 42°5 4255 446 


CONIC? COD 


20 423 429 42°3 42°7 44-2 
34 ive 42°3 
43°] 


t Observation made 1 fathom deeper than indicated. 


54 
76 
78 
80 
88 | 
100 
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ARRAN | DUNOON 
1888, BASIN, BASIN, LOCH FYNE. 
Date . ‘ May 16 |. May 17 June 2 June 2 June 4 June 4 June 4 
Garroch Off Off Off Off Off 
Head Gantock Cuill Dunderave | Inveraray | Strachur Gortans 
Hour . ; 14.30 11.30 16,45 17.30 8.15 11.30 13.25 
Wind. . |S.E. byE.,1 3 N.E., 3 N.E., 3 0 2 S.W., 0°5 
Weather & Dull, rain, Rain, Rain, Cloudy, Dull, 
Sea. roughish roughish rough smooth smooth 
Depth 63 51 15 33 61 73 26 
Temp. of Air 49°0 51°0 48°0 48-1 48°5 51°8 oe 
Fathoms 
0 46°5 45°7 45'8 46°4 456 46'5 
2 46°3 46°3 45°8 
5 46°5 46°1 46°3 46°3 
7 45°7 
10 45°8 44°4 46°3 45°3 
14 44°] 45°2 45°4 
30 43°3 44°0 43°9 
36 
44 
46 
56 
66 
68 
76 
78 
80 
82 
84 
86. 
88 
90 
92 
94 
96 
98 
100 
102 
194 
106 
108 


t Observation made 1 fathom deeper than indicated. 
VOL. XVIII. 26/5/91. 
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1888, ARRAN BASIN. GARELOCH. 
Date . June 4 June 5 June 7 June 7 June 7 June 7 June 7 
Positi Off Skate | Head | | 
sit nnan ea 1andon | Ardenvohr | Barre 
se Bay Island Shandon Pier Shore a 
Hour . 14.45 9.50 11,45 12.15. 12.40 13.0 13.15 
Wind. W.S.W.,05| SE,4 | E,1 
Sunshine Sunshine 
Weather & ’ Clear, Cloudy, Cloudy, Overcast, | Overcast, 
Depth ‘ 76 106 9 22 —6~6 5 2 
Temp. of Air 52°5 49°5 54°0 §2°2 ‘ 
Fathoms 
0 480 47°3 48°7 479 46°7 46°9 48°3 
1 47°9 47°8 48°3 
2 46°4 |- - 
3 47°8 47°8 46°3 
47°7 47 ‘2 46°6 46°3 
47°3 47°0 46'2+ 
14 46°6+ 
24 45°7+ re 
26 
28 
30 43°8 
36 
40 
42 
44 435+ 
50 43°4 
52 
54 43:94 
58 
60 
43° 
70 
72 
74 43°14 
76 
78 
80 
43° 
86 
88 
90 
94 
96 
98 
100 
106 
108 


t Observation made 1 fathom deeper than indicated. 


| 
| 
% 
‘ 
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1888. 


GARELOCH. 


Date . 


Position 


Hour . 
Wind. 


Weather & 

Depth 

Temp. of Air 


June 7 
North of 


Overcast, 
showers, 
rough 


June 7 
Opposite 
Clynder, to 
Weather 
Shore 
14,20 
E., 4 
Overcast, 
smooth 


12 


June 7 


100 Yards 
nearer Shore 


June 7 


Close to 
Ardenvohr 
Shore 


June 7 


20 Yards 
from Shore 


June 7 


Above 


Narrows 


15.10 
£8 


Overcast, 
smooth 


21 


Fathoms 


47 °0 


47°5 
46-0 


45°8 


t Observation made 1 fathom deeper than indicated. 


er 
Pier 
vercast, 
roughish 
0 48°0 47°3 47°5 47 °4 47°0 
1 473 47°4 473 | 46°9 
2 47°5 47°3 47°3 47°1 46°9 46°9 
3 47°3 47°2 4-9 |—————| 
4 472 46°7 46°5 
5 46°6 46°3 46°3 Ang 46°6 ive 
10 46:0 45°9 46°1+ | 
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1888, 
Date . 
Position 


Hour . 
Wind. 


Weather & 
Sea. ‘ 


Depth 
Temp. of Air 


GARELOCH. 


LOCH STRIVAN. 


June 7 


Off 
Shandon 
Pier 
15.40 


E., 3 or 2 
Overcast, 


rain, 
smooth 


dJune7 
Sea Shore, 
directly 
opposite 
Shandon 
16.10 


E., 3 or 2 


Overcast, 


roughish 


June 9 


Off Strone 
Point 
13.20 
W., 2 


Cloud and 

sunshine, 

smooth to 

roughish 
36 


58°0 


June 9 


3 mile N.E. 


of Strone 
Point 
13.45 

W., 0.5 in 

lee of land 


Smooth 


June 9 


Toward Pt. 
Shore, 


opposite last 


14.10 
W., 2 


Cloud and 

sunshine, 

smooth to 

roughish 


56°4 


N.E 


Cloudy, 
roughish 


23 


3, gusts 4 


June 9 
+ mile from 
White House 
15,35 
N.W., 3 
Overcast, 


smooth to 
roughish 


18 


Fathoms 


43°64. 


t Observation made 1 fathom deeper than indicated. 


Artaraig 
Hills 
4 5 6 
— 61°7 — m 
0 47 °8 49-0 47°3 
1 47°3 48°5 47-0 49-0 47 °2 
2 47°8 46°8 47°3 47-0 46°8 
3 46°4 47°] 46°7 47-0 
5 46°3 46°1 
108 eee eee eee eve eee @ee eee 
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1888, 


Date . 
Position 


Hour . 
Wind. 


Weather & 
Sea. 
Depth 
Temp. of ‘Air 


‘LOCH STRIVAN. 


June 9 
mile from 
White 
House, 
Weather 
Shore 
16.0 


Ne Wis 3 


June 9 
Same, 30 
yards 
removed 


16.10 


June 9 


Opposite 


Shore from 


last 


16.20 
Blowing in 
a slanting 

direction 
along and 
across the 

Loch 


June 9 


Off Point 
above 
Berry's Pier 


16,40 


June 9 
Off 
Clapochlar 
Point 
16.50 


N.W., 3-4 


Overcast, 
roughish 


June 9 
mile 
of Strone 

Point 


17.25 
W., 2 
Overcast, 
smooth 


eee 


ARRAN 
BASIN, 


June 
Be . Allans 
and Little 

Cumbrae 


8.50 
S., 0°5 


Bright, 
smooth 


Fathoms 


S 


OH 


48-0) 
47°8 


bd 


At these 
are recorde 
tures in eit 


Ja tide rip. 


warm green 
being carrie 
Shore. 


€ 


two points 
d tempera- 
her side o 
A body o 
water was 


dalong this 


— 
48-0 47°8 48-0 47-0 
47:0 48°9 46°3 
47:0 46:9 47-9 
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. LOCH LOCH | DUNOON LOCH ARRAN 
TESS ARRAN BASIN. LONG. | FYNE. | BASIN. | GOIL. | BASIN. 
Date. . a 11 June 11 June lil July 18 Aug. 14 Aug. 15 Aug. 19 

pe Sea Fairlie Off Strone Off 
— 4 Cumbrac | anchorage| | strachur | Point | | Brodick 
Hour. °°. 9.10 9.30 10.15 15.40 14.45 13.20 
Wind . S.,1-2 | | | 05 | Light 0 
7 Hazy, sun- 
Weather & Bright, elent ; cloudy, Dull, Fine Fine and shine, 
Depth 11 73 63 
Temp. of Air| sive 57°0 66 59°0 
Fathoms 
0 470. 47°8 46°5 49°5 54°6 
2 46°7 47°3 
46°4 46°8 46°3 47°2 51°7 50°0 
7 
10 45:1 47°0 49°6 
18 ‘ 
20 46°9 
24 46°8+ 44°6 
28 
45°4 
38 
40 44°4 
42 
44 44:1} 43'5 
46 
48 
43°9 47°7 
54 
56 
58 
60 
43°6 47°2 
68 
70 
72 43°7 
74 — 
76 
78 ; 
80 
82 
84 
86 
88 eee 
90 ece 
92 
94 
96 
98 
. 100 
102 
104 
106 
108 


t Observation made 1 fathom deeper than indicated. 


| 
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1888, 


ARRAN 
BASIN. 


GARELOCH. 


LOCH FYNE. 


Date . 
| Position 


Hour . 
Wind. 
Weather & { 
Sea. 
Depth 
Temp. of Air 


Aug. 19 
Off 
Brodick 


65 


Aug. 20 
Head 
15.30 

0 


Wet 


9 
57°0 


Aug. 20 
Off 
Shandon 
15.50 
0 
Wet 


21 
56°2 


Aug. 24 
Cuill 


15.30 
S.W., 0.5 
Light cloud, 
smooth 

16 


64°0 


Aug. 24 
Off 
Dunderave 
16.15 
S., 1 
Dull, 
smooth 
30 


Aug. 25 
Off 
Strachur 
11.10 


Fathoms 


55°1 


52:4. 


48-2 
57°6 


47°1 


57°9 


51°9 


520 


512 


48°3 


46°5 


45°1 
44°3 
43°7 


43°8 


t Observation made 1 fathom deeper than indicated. 


| 
Off 
Inveraray 
10.0 | 
right, right, 
5 53°4 52°9 524 
10 53.7 sis 52°0 oo | | 
14 is 49°44 | 50°3 49°8} 
20 = 3 | | 
34 a 44°3 45°84 
48 sia 
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Date . 
Position 


Hour . 
Wind. 


Weather & ( 


Sea. 


Depth ‘ 
Temp. of Air 


LOCH FYNE. 


Aug, 25 
Off 


Furnace 
12.25 

Bright, 
smooth 
36 
61°5 


Aug. 25 
Off 


Cuill 
16.50! 


Bright, 
smooth 


16 
63°0 


S., 2-3. 


Dunderave 
17.20 
S., 0-1 
smooth 


36. 


Aug. 27 


Cuill 
16.0 
S., 4-5 
Dull, 
squally, 
rufiled 
16 


Aug. 27 
Off 
Dunderave 
16.40 


S.W., 3-4 
Driving 


ruffled 
36 
57°0 


showers, 


Aug. 27 
Off 
Inveraray 
7.25 
S., 2 
Bright 


Sept. 1 
Off 


Inveraray 
18,30 
S.W,; 1 


Rain, 
smooth 


63 


Fathoms 


en, enone 


51:9 
51°9 
493 
48:14 
47°1 
46 ‘0+ 


60°8 
57°3 
52°1 
50°3 
49-24 
46-7+ 
46-0 


55-7 
50°2 
520 
48-5 
50-6+ 
48°5 
46°4+ 
46°1 
45 


45-0 


55°8 


49°3 


45°0 
48°2 


452, 


+t Observation made 1 fathom deeper than indicated. 


1888, 
Aug. 25 
= 
0 62:3 56°8 58-0 
10 50:2 | 
14 47 +44 48°74. 510+ 
24 47 “14 
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1888. 


ARRAN 
BASIN. 


| LOCH LONG, 


DUNOON 
BASIN, 


LOCH GOIL. 


Date . 


| position . 3 


Hour. 
Wind . 


Weather & 
Sea. 


Depth 
Temp. of Air 


Aug.29 | 
Garroch 
Head 
12.0 


lW.N.W., 1-2 


Overcast, 

showers, 

roughish 
63 


57°0 


Sept. 3 
Arrochar 


13.15 
S.W., 1 


Dull, rain, 
smooth 


11 


Sept. 3 
Thornbank 


14.10 
S.W., 1 


Dull, 
smooth 


33 


Sept. 3 
Dog Rock 


15.15 
W., 0°5 
Dull, 
smooth 


50 


Sept. 3 


Stuckbeg 


16.10 
W., 05 


Dull, 
smooth 


DUNOON 
BASIN. 


Sept. 3 
Head 


16.50 
W., 0°5 
Dull, 
smooth 


13 


Sept. 3 
Coulport 


18,15 
W., 0°5 
Dull, 
smooth 


Fathoms 


CO CONID ON HO 


54°9 
64°5 


51:9 


49-2 


55°7 


545 
52*4 


54°3 
52°6 
51°2 
50°3 


561 
54°8 
54-0 
51-0 
50°6 
50°6 
49°5+- 
48:24 


48-1} 


55'1 
54°8 
51°4 


50-1 


B54 


50-9 


502 


49°2 


VOL. XVIII. 


Tt Observation made 1 fathom deeper than indicated. 
26/5/91. 


| | | 
= — 
= 
56-0 
52°9 
22 491 -. | 
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. DUNOON HOLY DUNOON 
1888. GARELOUE. BASIN. | LOCH. | BASIN, 
| Sept. 6 Sept. 6 Sept. 6 Sept. 6 Sept.8 | Sept. 8 Sept. 8. 
Position. . Head Shandon Row Row Gantock | Off Kilmun 
14,15 14.40 15.15 15.30 12.0 13.10 13.50 
Wind. | 4 | W.S.W, | W.S.W.,4 | | SWW., 0° | S.W., 0% 
Weather &f| Dull, rain, | Dull, rain, | Dull, rain, | Dull, rain, Bright, Bright, Bright, 
Sea. , ripple smooth smooth smooth |. smooth smooth smooth 
Depth ‘ 10 23 | 21 13 51 14 33 
Temp. of Air eee ove sie 
Fathoms 
0 55°0 54°8 55 '0 54°5 55°9 550 
54°4 as 54°9 ave 
2 54°8 54°0 54°0 
4 54°9 54°5 53°3 53°0 
14 
15 52:2 
16 
17 
18 
26 
28 
30 51°5 
o2 wie 50°0 
34 
36 
38 
40 51°8 
46 
48 
50 52°0 
52 
54 
56 
58 
60 
62 
64 
66 
68 
70 
72 
74 
76 
78 
80 
82 
84 
86 
88 
90 
92 
94 
96 
98 


ft Observation made 1 fathom deeper than indicated. 


sean 
\ 
eee eee 
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1888. KYLES OF BUTE. LOCH STRIVEN. 


Date . Sept. Sept. 20 20 Sept. 20 20 20. 6 20 
sys Ardlamont | Ormidale Strone ff Strone Clapoch- 
Position 4 Bogany Point |Loch Ridun}| A®s!¢ Cotes Point | lar Point 
Hour . : 15.30 9.55 1.35 12.5 13.5 13.30 14.15 
|} Wind. Calm N.E., N.E. 1 N.E., 1 1 N.E., 1 N.E., 1 
: Dull Bright Bright right Bright, Bright 
& hazy, hazy, hazy, hazy, hazy, hazy, 
smooth smooth smooth smooth j|- -smooth smooth 
Depth 3 27 a 12 29 19 36 36 
Temp. of Air ose ose ove 


Fathoms 

559 54:7 545 54:2 55°9 
54°6 
54°5 

52°5 531 | 527 
13 53°3 


OOONIS CO DD © 
qr 
Oo 
qn 


t Observation made 1 fathom deeper than indicated, 


19 
28 52°2 
30 


204 : SCOTTISH MARINE STATION. 


LocH | LOCH SOUND OF 
1888, | STRIVAN. | LONG. | DUNOON BASIN. [°° LOCH ABER. 


Date . : Sept. 20 Sept. 21 Sept. 22 | Sept. 24 Oct. 1 


Off Crinan, 
Cloch, W. 3 aboveCorran aboveCorran 


Oct. 6 Oct. 8 
Position Head Knap Point Blairmore | inside Dori is 
a S. 1 mile Light Light 


2 miles 2 miles 


15.5 12,20 16.15 | 14.35 17.0 16.0 12.25 
N.E., 1 Calm $.W.,2 | E,1-2 |NN.E,34| NE | 


Wind. 
Weather & Bright, | sunshine, | Sunshine, | Sunshine, | Sunshine, | Overcast, | Brisht, 
Se YT hazy, uns 1ne, 9 4 > 9 cloudy, 


é smooth smooth | roughish smooth rough smooth smooth 


sv . 11 26 25 33 73 80 81 
Temp. of Air eee eee eee eee 45°3 eee ece 


Fathoms 


Hour. 


55°0 54:0 53°5 51°5 §2°5 
2 55°7 vex 53°1 52°2 52°5 
8 


15 49°9 


63°5 


t Observation made 1 fathom deeper than indicated. 


17 
18 
19 
| 34 
36 
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1888. 


FIRTH OF 
LORNE. 


Date . 
Position 


Hour . 
Wind. 
Weather & 
Sea. 
Depth 
Temp. of Air 


Oct. 9 


Off Loch 
Spelvie 


S.W., 1 
Cloudy, fine, 
showers 
40 
52°9 


LOCH 


Oct. 11 
Off Ru 


ETIVE. 


Aird Point 


LOCH FYNE. 


Oct. 16 
Between 
Gair Loch 


Point 
13.25 
S.W., 1-2 
Overcast, 


Gortans 


Oct. 16 


Off Paddy 
Rocks 


smooth 
14 


Fathoms 


53°0 
53°0 


53°1 


52'8 
522 


517 


49°14 


49°7 


49°8 
50°1} 


50°1 


49°8 


Oct. 16 


Off Furnace 


Oct. 16 


Off Strachur 


¢ Observation made 1 fathom deeper than indicated. 


| 
| 
Otter 
16.30 16.35 12.20 14.15 15.0 15.45 
Rain, Overcast, Overcast, | Overcast, | Overcast, 
smooth smooth smooth po smooth, | smooth 
68 21 36 30 | 72 
0 49°8 49°9 49°9 
10 50-0 49°9 
12 49-9} 49°8 501 
17 49°9+ 49 -2 
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1888, LOCH FYNE. ARRAN BASIN. entre. 


Date. . | Oct. 17 Oct. 17 Oct, 17 Oct. 18 Oct. 19 Oct. 19 Oct. 20 


‘ Off Off re Off Skate 

Position . Off Cuill Dunderaine| Inveraray Off Strachur. 
Hour . ; 12.0 12.45 13.10 12.30 14.35 16.5 14.15 
Wind ‘ Calm Calm Calm S. by E., 3 2-3 3 
Overcast vercast ist and unshine 
& Overcast, misty, misty, sunshine, haze, 

roughish roughish roughish roughish 
Depth 16 30 64 78 105 36 
Temp, of Air 48°3 49°3 51°2 53°0 

Fathonis | 


49-9 50:0 49°5 49°8 499 | 508 50°5 
2 49°9 49:8 = 
3 50°8 
5 49°8 49°9 498 | 496 | 497 50°8 502 
8 49°8 
10 49:2 49°6 50°0 50°3 
12 | 49-1 49 49-9} 50:5} 
VW 485 48°74 49°74 50-1} 
30 474 | 502 | 503 


t Observation made 1 fathom deeper than indicated. 


| 


GARE- 
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LOCH 


LOCH 
1888. LOCH STRIVEN. | ESTUARY.) Gon 
‘Date . Oct.20 | Oct.20 | Oct.20 | Oct.22 | Oct.22 | Oct.23 | Oct. 23 
: Off Berry’s |Off Artarai Off Rose- | Knap Point 
Piet | Hills | Head Off Shandon) | and Thorn- Om Stuckbeg 
Hour . 15.0 15.40 16.5 11,20 12,35 — 13.40 15.10 
Wind. | E.byS,3]| S.E,3 E., 2 E., 1 Calm’ | W.S.W.,1 | W., 1-2 
Weather & (| Haze Haze, Sunshine, | Sunshine, | Sunshine, | Sunshine, | Sunshine, 
Se Aer “ 2| sunshine, | sunshine, | overcast, haze, haze, cloudy, cloudy, 
roughish roughish smooth smooth smooth smooth smooth 
Depth ‘ ee, | 23 12 23 13 33 46 
Temp. of Air 58°2 57°2 40°5 
Fathoms. 
0 50°5 49°8 49°8 49°9 
eee ere 50:2 eee ece eee 
50:2 49°8 
50°2 50-2 49°7 49°8 49°5 
eee 50°1 ere ece eee 
50°3 50-2 50°24 50°5 50°2 49°7 
pis 501 50°0 50°8 50°1 
50°1 
3 50-2 50°2 50°7 
Ge 46 ‘2+ 
61‘ 
45°27 
|} 
45°0+ 


2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
22 
24 
26 
28 
30 
32 
34 
36 
38 
40 
42 
46 
48 
50 
52 
54 
56 
58 
60 
62 
64 
66 
68 
70 
72 
74 
76 
78 
80 
82 
84 
86 
88 
90 
92 
94 
96 
98 


t Observation made 1 fathom deeper than indicated. 
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8 DUNOON GARE- DUNOON | ARRAN LOCH LOCH LOCH 
— BASIN. | LOCH. | BASIN. | BASIN. | FYNE. | LONG. | GOIL. 
| 1887 1887 1887 
Date . . Oct. 24 Oct. 25 Oct. 25 Oct. 29. Oct. 13 Oct. 15 Oct. 15 

Position 4 Off Shandon | Of Dog Rock |Off Stuckbeg 
Hour 16.15 11.10 15.10 8.20 12.30 39.20 13.15 
3 Overcast, | Sunshine 
Weather & Overcast, Rain, .| Sunshine, Sunshine, 
Sea. .)| rain, swell | rough rain, cloudy, ripple Ripple ripple 
rough rough 
Depth ‘ 32 | 22 41 bo 59 53 44 
Temp. of Air 48°8 iss: 47°2 
Fathoms 
50°2 50°0 50°3 51°0 52°6 51°5 
50°5 49°9 50:2 51:2 51°4 
7 
49°9+ 50°5 50°9 51:2 52°5 51°6 
12 
15 50°7+ 50°1+ 53°0 
17 
18 
52 
54 
56 
58 
60 
62 
64 
66 
68 
72 
74 
76 
78 
80 
82 
84 
86 
88 
90 
92 
94 
96 
98 | 


t Observation made 1 fathom deeper than indicated. 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
} 
| 
| 
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On Silica and the Siliceous Remains of Organisms in 
Modern Seas. By John Murray, LL.D., Ph.D., &c., 
and Robert Irvine, F.C.S. 


(Read March 16, 1891.) 


In a former paper to this Society, we pointed out the important 
_ tole played by carbonic acid in modern seas, with special reference 
to the vast deposits of carbonate of lime now taking. place in coral 


reefs and those other calcareous deposits known as Globigerina and 


Pteropod Oozes. It was pointed out that carbonic acid was the 
chief agent in the disintegration of felspars and other silicates of 
the earth’s suzface, that it was concerned in all the changes that 
result in the secretion of carbonate of lime by marine organisms 
from any of the lime salts in sea-water, that a vast amount of car- 
bonic acid was being locked up in the calcareous deposits now in 
process of formation on the sea-bed, and that there was an accumu- 
lation of these calcareous deposits chiefly towards the equatorial 
regions of the ocean basins. In the present paper we propose to 
deal with the great antagonistic power to carbonic acid, viz., silica, 
and with the siliceous organic remains in the ocean. 

Silica, or silicic acid, is an oxide of silicon, indeed the only oxide 
of that element known to exist, and resembles in many of its pro-— 
perties the oxide of carbon (carbonic acid); it is probably’ the 
widely distributed body in the surface and subsurface layers of 
- the earth’s crust. When the earth’s surface was at a high tempera- 
ture, probably all the silica was in combination with lime, magnesia, 
iron, alumina, and alkalies—forming the great series of silicates. 
At a high temperature silica has a great affinity for bases, but at a 
low temperature it is in most cases replaced by carbonic acid from 
its compounds. It thus happens that from early geological times 
carbonic acid has been extracted from the atmosphere, and locked 
up in the solid crust of the earth. If this process goes on without — 
limitation life will ultimately become impossible on the earth’s sur- 
face. From volcanoes and fissures carbonic acid is given off, owing, 
apparently, to the silica again taking the place of the carbonic acid 


in the heated rocks below. In all the ordinary disintegrating pro- 
VoL, XVIII 20/5/91 
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cesses at work at the earth’s surface, the carbonic acid replaces the 
silica from its bases, the silica being thus set free to form quartz, or 
a hydrated variety of silica like opal, for example. 

Although there are enormous numbers of organisms in the ocean 
that secrete silica to form their frustules, shells, or skeletons, the 
remains of these siliceous organisms do not play nearly so large a 
part in the formation of the deposits of modern seas as the remains 
of carbonate of lime organisms dealt with in our former paper. 
For our present purpose the siliceous organisms of modern seas 
may be divided into the Sponges, which live on the bottom, or 
belong to the Benthos,* and the Diatoms and Radiolarians, which 
_ have a pelagic habitat, or belong to the Plankton.* The si- 
liceous sponges belonging to the Tetractinellida, Monaxonida, and 
Hexactinellida, are universally distributed over the floor of the 
ocean, the Hexactinellida being limited to the deep sea, 7.e., to depths 
greater than 100 fathoms. Although universaily distributed over 
the ocean’s floor, the spicules of sponges rarely make up over 1 or 2 
per cent. of a deep-sea deposit, except in those limited areas where 
there are extensive patches of these sponges growing on the bottom, 
when the spicules in some samples of a deposit may rise as high as 
20 per cent. At Kerguelen, in 120 fathoms, over one hundred 
specimens of Rossella antarctica were obtained in one haul of the 
trawl; at Zebu, Philippines, a large number of Euplectella and 
other sponges were obtained in 100 fathoms; off the Ki Islands, 
in 129 fathoms, there were eighteen species of Hexactinellida and 
a large number of individuals; in the Atlantic, near the Cape 
Verdes, there was procured in 1525 fathoms a large specimen of 
Poliopogon amadou (2x14 feet) attached to the branches of an 
Aleyonarian coral (Pleurocorallium johnsoni) ; off the Kermadecs, 
in 630 fathoms, there was another Poliopogon (Poliopogon gigas), 
measuring 2x34 feet, and this was but a fragment of what was 
apparently an enormous sponge. In the Faroe Channel large 
numbers of specimens of Pheronema (Holtenia) weve dredged from a 
depth of 530 fathoms, while trawlings near the same spot did 


* Benthos (Bév0s, bottom of the sea) is a term introduced by Haeckel for 
all those organisms living on or creeping over the bottom of the sea, in contra- 
distinction to Plankton, which, as extended by him, includes all those organ- 
isms swimming about in the sea or carried along in ocean currents (Plankton- 
Studien, Jena, 1890). | 


. 
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not yield any specimens. Many other examples might be given 
to show that the sponges are clustered in patches over the bed of the 
ocean, with intervening more or less barren spaces. On the whole, 
siliceous sponges are most abundant in moderate depths on the 
Blue Muds along continental shores and in pelagic deposits, and are 
more numerous on Diatom and Radiolarian Oozes than on Globi- 
gerina and Pteropod Oozes. The spicules of sponges frequently show 
signs of undergoing solution, in the widening of the axial canals, 
and the disappearance or thinning of the more delicate processes. 
The spicules contain from 6 to 7 per cent. of water, or in some 
cases as much as 13 per cent.,* associated with organic matter, + and 
belong to the variety of silica known as opal. 

When we turn to the Diatoms and Radiolarians, we find that 
_ they are universally distributed throughout the surface and sub- 
surface waters, indeed, the tow-net experiments carried out on 
board the “Challenger” appear to prove that some species of Radio- 
larians live throughout all the intermediate depths of the ocean. 

Diatoms are abundant in all estuaries and wherever there is a 
low salinity from the admixture of river water, but they are found, 
although more sparingly, in the very saltest waters of the ocean. 
In the waters of the great Southern Ocean and Antarctic regions 
they occur in enormous quantities on the surface, filling the tow-nets — 
with a slimy, yellow-brown mass. This slimy mass of siliceous alge 
consisted chiefly of Rhizosolenia, ‘Chetoceros, and Thalassiothrix, — 
and when dried over a stove presented a felted appearance like some 
specimens of asbestos. On analysis this dried mass yielded :— 


Silica soluble in acid, . ; . 1:00 per cent. 
Silica insolublg in acid, -. =... . 7600 4, 
Organic matter, . 4 . 16°75 

Water, . 407 

| 10000 


In the Arctic Ocean, and in the seas around the Shetland Islands, 
Diatoms are also at times found in vast floating banks, and they 


Thoulet, Comptes Rendus, tome xeviii. p. 1000, 1884. 
t Sollas, Zool. Chall. Exp., part lxiii. pp. 47 et seq. 
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can be collected in tow-nets as a yellowish slimy mass. Herring- 
fishers are sometimes hampered in their operations by the vast — 
floating banks of these Alge.* In the Arafura Sea and other 
tropical and subtropical regions the “Challenger” Expedition also 
collected great numbers of Diatoms at the surface, especially where 
there was brackish water, or, at least, water of a relatively low 
salinity. In the true oceanic waters of the tropical regions the 
number of species of Diatoms is probably as numerous as in polar 
waters, but the individuals are not nearly so abundant. Ina Diatom 
‘ooze from lat. 54° S., 48 species of Diatoms were observed in the 
deposit, while in a tropical Radiolarian ooze, lat. 6° N., 51 species — 
were recognised ; of these 14 species are common to the two stations. 
In the former case the Diatom remains make up over 50 per cent. 
of the whole deposit, in the latter not more than 2 or 3 per cent. 
Some large species of tropical Etmodiscus (Coscinodiscus) have an 
extremely thin shell of silica, and indeed, all the Diatom frustules 
of species that live in truly peiagic waters of the tropical and sub- 
tropical regions are exceedingly thin and delicate compared with 
those in colder and coast waters. When Diatoms cannot be ob- 
served directly in the tow-net gatherings, they can almost always be 
found in the stomachs of Salpe, Doliolum, and other marine animals. 
The specimens of Diatoms met with in the open sea all belong to 
pelagic species, but it is not uncommon to meet with attached forms 
fixed to the backs of Copepods and other Crustacea, as well as on 
pelagic Molluscs. These siliceous pelagic Alge or Diatoms, together 
with other Algz, some of which secrete carbonate of lime—Cocco- 
spheres and Rhabdospheres—appear to live only ia those upper | 
layers of oceanic waters that are affected by sunlight, and they are 
the original source of the food of the vast majority of animals living 
at the surface and on the bottom of the sea, for on falling to the 
bottom the Diatoms still retain a portion of their organic matter, 
and thus supply with nourishment those animals, like Echinoderms 
and Annelids, which live at the bottom by eating the mud or 00ze 
there in process of accumulation. 

The Radiolarians, unlike the Diatoms, are saat met with in any 
numbers in estuaries or near the mouths of rivers, their true habitat 
being in the open ocean; they belong to oceanic as distinguished 

| * Pearcey, Proc. Roy. Phys. Soc. Edin., vol. viii. p. 400. 


| 


1890-91.] Dr Murray and Mr Irvine on Silica wi Seas. 233 


from neritic* Plankton, which latter term includes surface organisms 
in waters near coninental and other coasts.+ They would appear, 
however, on the whole, to prefer oceanic waters where the salinity of 
the water is relatively low, for in the very salt waters of the Red Sea, 
of the Mediterranean, and of the trade-wind regions of the Atlantic, 
although numerous, they are not apparently so abundant as in the 
less salt waters of the Pacific, Indian, Southern, or Polar Oceans. 
The tow-net experiments of the “Challenger” Expedition showed that 
those Radiolarians which secrete the heaviest shells and skeletons, 
as well as the whole legion of Pheodaria, were captured in greatest 
numbers when the nets were dragged a considerable distance beneath 
the surface, so that it is probable that many species live in the inter- 
- mediate waters of the ocean where the temperature is as low as 
50° or 40° F. Some species of Diatoms and Radiolarians are often 
met with in such great numbers that they form vast floating banks, 
fields, or zones, between which are lanes of water comparatively free 
from these organisms. We have referred to the banks of Diatoms 
in the Arctic and Antarctic Oceans and in the Arafura Sea. In 
1880, in the Faroe Channel, the tow-nets were filled with Radio- 
larians, belonging to the genera: <Acanthometra, Xiphacantha, 
Dorataspis, Ethmosphera, Heliosphera, Rhizosphera, Actinomma, 
Spongocyrtis, Thalassicolla, Calearomma, Actinocyrtis, Amphilonche, 
Spongodiscus, and Thalassosphwra—for weeks together ; but two 
years later, in the same month, only a few of these organisms were 
captured, the surface waters being then chiefly occupied by vast 
numbers of Doliolwi. 

If we now turn to the remains of Diatoms and Radiolarians found 
in the marine deposits at the bottom of the ocean, we find that they 
are almost universally distributed. Radiolarian remains were ob- 
served in considerable abundance in more than two-thirds, and 
Diatoms in like abundance in more than one-half, of the samples of 
deep-sea deposits collected by the ‘‘ Challenger,” and a careful exami- 
nation of large samples revealed the presence of these organisms in 
~ nearly every specimen of pelagic and terrigenous deposits. In the 

‘deep-sea deposits of the Atlantic, Radiolarians, Diatoms, and Sponge 
spicules, make up, on an average, about 1} per cent., in the Pacific 


* Nypirns, son of Nereus (see Haeckel, Plankton-Studicen, p. 22, Jena, 1890). 
+ Haeckel, Zoe. cit. | | 
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about 6 per cent., and in the Southern and Antarctic Oceans 
- about 16 per cent., of the deposits. In some special regions, how- 
ever, they play a much more important part in the formation of deep- 
sea deposits. There would appear to be a wide band or zone of 
Diatom Ooze surrounding the South Pole, between the latitude of 
40° S. and the Antarctic Circle, covering about 10,880,000 square 
miles of the sea-bottom, in which the percentage of siliceous organisms 
is, on the average, about 50 per cent. of the whole deposit. 
Again, in the central parts of the Pacific and Indian Oceans there 
are large areas of Radiolarian Ooze in the greatest depths, covering — 
in all about 2,290,000 square miles of the earth’s surface, in which 
the remains of siliceous organisms are estimated to make up nearly 
60 per cent. of the whole deposit. In some Globigerina and Pteropod 
_Oozes, as well as in some Red Clays and Blue Muds, there are in 
certain regions very few, if any, traces of these pelagic Diatoms and 
Radiolaria. It is somewhat difficult to account for their absence, 
for they are captured in the surface waters of these areas, although 
‘not in such great. abundance as in the surface waters over regions 
wherethey make up a large part of the deposit at the sea-bottom. 
In some instances they appear to have been removed in solution, 
as will be pointed out later on; in others their presence may be 
- masked by the relatively much more rapid accumulation of cal- 
careous remains, of triturated pumice, or of land debris. | 


_ In our previous paper, when discussing the secretion of carbonate 
_ of lime by marine organisms, we found it impossible to accept the view 
that the lime was absorbed and secreted directly as carbonate, owing 
to the small amount of carbonate of lime in solution in sea-water— 
one part in 8000—and the enormous quantity of water that would . 
consequently require to pass into the life circulation to permit its 
secretion were this the only source. We were able to show, we 
think successfully, that organisms may obtain their carbonate of lime 
from any of the lime salts in sea-water, by means of the changes 
produced by their effete or waste products on the constitution of the 
lime salts in solution, the whole of the lime present being in this 
way available for the formation of carbonate of lime shells. <A 
similar difficulty with reference to the source of the silica is pre- 
sented in the case of the silica-secreting organisms, for to obtain the — 
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silica necessary for their shells and skeletons these organisms must 
‘pass an enormous quantity cf sea-water through their bodies. No | 
interpretation like that adopted for the carbonate of lime organisms 
is possible here, for silica is present in solution in sea-water only in 
one condition, and our own and the analyses of different authorities 
give only the merest traces of soluble silica in sea-water. | 

It will be seen, by reference to the accompanying Table, that the 
determinations of silica in sea-water by various authors can be 


TABLE I1.—Silica in Various Sea Waters. 


SiO. in grms. in parts | 
Observer. | Locality. 255 perlitre. — of Water. | 
| 
: | Max. Min. | Max, | Min. | 
Forchammer, . .; Atilantic,.:. . . . 12 | 0°1130  0:0690 9,090 14,880 
Hunter, . . . .| Do. (8.W. of Ire-: | 
Anderson (Gran- 
| ton), ..... 1 | 0°0020 513,500 
| De... Do., Do. (bottom water 
1760 fms.), 1 | 0°0040| ... 256,600 
Forchammer, . . Baltic Sea, . |: 0:0270 14,000 37,260 
Do., 1 0°0179 56,200 
|Gdbel,jun.,. .  Do., 4 | 0°0230 0°0005 43,740 | 2,012,000 
C.Schmidt,. . .; Do.,, 1 | 0°0023 437,400 
Do., « Coast of Norway, . 2 | 0°0172  0°0149 60,000 68,500 
Figuer and Mialhe,; Havre,... .. . 1 | 0°0085 son 121,000 
Clemm,. . . .| St George’s Channel, 1 | trace ee ve we 
Anderson (Gran- 
2. | 0°0016 | 0°0006 | 640,000 | 1,700,000 
Do. ODo.,. .:ShoreatGranton, . 4 | 0°0010 | 0°0003 | 1,024,000 ; 3,410,000 
C. Schmidt, . .| Arctic Ocean, . . .' 1 | 00144 71,100 
-|Anderson,. . . ., Mediterranean, 1 | 0°0074 se 139,000 | see 
-Forchammer, . .| West Mediterranean, 4 | 0°0870 , 0°0800 11,820 12,900 
. . | Straits of Gibraltar,. 2 | 0°0930 | 0-0730 11,000} 14,000 
Do., . .| East Mediterranean, 5 | 0°1380 | 0°0290 7,450 35,500 
Vierthaler, . . .|Adriatic,.. . 1 0°1100 
Rotmet and Lefort,| Suez, ...... 1 | trace’... 
.|C. Schmidt,. . .| RedSea,. ..... 2 |. 0°0052 ; 0°0032 | 197,700; 321,000 
Do, |. . .|Indian Ocean,. . . 3 | 0°0030! 0°0021 | 342,300} 490,000 
Do., .| South China Sea, . 00082"): 321,000 


arranged into a maximum group, thirty in number, and a minimum 
group, twenty-three in number. In the maximum group many of 
_ the determinations include phosphates along with silicic acid, and it 
appears evident, from our own analyses, as well as from the great 
irregularity of these maximum results, that the waters were not 
filtered before analysis—two samples of the same water from the 
Adriatic, for example, gave respectively 0°110 and 0°237 grm. per 
litre. In the second or minimum group the waters have evidently 
been filtered before analysis, and the xesults exhibit a striking uni- 
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formity when compared with those of the maximum group. It will 
be seen that the analyses of the filtered waters show silicic acid is 
present either in traces or only in quantity equal to one part in from 
220,000 to 460,000 parts of sea-water, or even in still more minute 
quantities. | 
- The determinations made by us at the Scottish Marine Station 
with carefully-filtered waters from different parts of the ocean led to 
similar results. The amount of soluble silica was so minute that it 
was difficult to believe it to be the exclusive source from which 
Diatoms and Radiolarians procured the silica for their frustules and 
_ skeletons, the results showing only one part of soluble silica | cetaiay 
in from 200,000 to 500,000 parts of sea-water. 

In all attempts to determine the silicic acid, we filtered the sea- 
water through several folds of ashless filter-paper, or we added to 
it, in the cold, a solution of pure albumen, thereafter raising the 


liquid to a temperature of 212° F., so that the coagulated albumen — 


which collected as a scum on the top of the boiling fluid carried 
with it any mechanically suspended matter present in the water. 
Even the ash from the apparently ashless filter may give rise to a 
profound error in’ the result, and in these determinations, in order 
to secure absolute accuracy, platinum vessels should be used.* 
The accurate determination of silicic acid in sea-water is compli- 


cated by another difficulty. This arises from the presence of 


fluorides, which in the ordinary methods for determining silicic acid 
would tend to form volatile fluoride of silicon, thus vitiating the 
results of the analyses. The results referred to above, showing the 
quantity of silicic acid in sea-water to amount to not more than one 
part in 200,000 to 500,000, were obtained by evaporating a weighed 
quantity of carefully-filtered sea-water to dryness with hydrochloric 
acid. The dried salts were drenched with hydrochloric acid and 
again heated to dryness, the insoluble residue left being taken as 
silicic acid. Itis evident that in the presence of fluorides, if in suffi- 
cient amount, the whole of the silicic acid would be driven off, and 
pass away during the evaporation and subsequent drying and ignition. + 


-* The balance used by us was not very delicate ; the results can only be 
relied on to the third place of decimals. 


t Exp. (A). To determine this point we added silicic acid in a soluble form to a 
__ litre of artificial sea-water (which water was practically free from silicic acid), 


| 
| 
| 
| 
| 
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Even when any loss of silicic acid which may occur from this 
source of error is taken into account, the amount of soluble silica 
in sea-water is too small to be quite certain that it is sufficient to 
supply all that is required by silica-secreting organisms. 

Moreover, if we accept the fact that the sea receives the greater 
part of its silicic acid from the waters carried down to it by rivers 
in the form of soluble silicates, we should expect that such silicates 
would be decomposed by the salts of magnesium so abundantly pre- 
sent in sea-water, with the formation of silicate of magnesia. This 
substance we know, in the condition of steatite or talc, is so in- 
soluble, that no appreciable amount is removed by solution in water, 
even in presence of free carbonic acid.* We have found, however, 


the amount so added being 0°0342 grmn., adding also 0°096 grm. of fluoride of 
sodium. The whole was then evaporated to dryness with hydrochloric acid, 
and the residue dried and drenched with hydrochloric acid, and again dried. 
The silicic acid determined in the insoluble residue showed that 80°4 per cent. 
of the whole silicic acid added had been thus recovered, only 19°6 per cent. 
being lost by the action of the fluoride. A similar experiment (B) was conducted 
with the same amount of silicic acid as in Experiment (A), but 0°960 grm., or 
ten times the amount of fluoride of sodium, was added to the same amount of 
artificial sea-water. This quantity gave a precipitate of fluoride of calcium 
with the lime saits of the sea-water, so that such an amount of fluorine could 
not be present in natural sea-water. The amount of silicic acid recovered in 
this instance was 67°5 per cent., the loss of silicic acid being 32°5 per cent. 
A third experiment (C) was made, in which a large excess of fluoride of sodium 
was again added, and the evaporation and drenching with hydrochloric acid 
repeated six or seven times in succession. It was then found that only 4 per 
cent. of the silicie acid added remained in the insoluble residue. These results 
would seem to show that even if sea-water contained as much silicic acid as 
one part in 50,000, and also as much fluoride as it could hold in solution, at’ 
least two-thirds of the silicic acid present in sea-water would be found by the 
methods ordinarily in use for silicic acid determination. Nothing like that 
quantity (1 in 50,000 parts) was ever found in our experiments. The third 


experiment (C) shows that the silicic acid may be carried away in a volatile 


condition, combined with fluorine, after repeated evaporations with hydro- 
chloric acid and ignitings, so that the amount of silicic acid we have found in 
carefully-filtered sea-water must be correct within the limits of at least 20 per 
cent. (see Experiment A), thus making it according to these determinations 
less than one part in 250,000. | 

* Bischoff, Chemical and Physical Geology, vol..i. p. 8. Mr Alexander 
Johnstone, F.G.S., has proved experimentally that pure water, even 
when saturated with carbonic acid, has no solvent action on pure tale 
or steatite, but that sea-water has a slight but distinct effect in this direc- 
tion equal to 1 part in 200,000. His results are also interesting as show- 
ing that silicate of magnesium once formed cannot be conveyed to any extent 
in a soluble condition by river water to the sea (Proc. Roy. Soc. Edin., vol. 
Xvl, pp. 172-175, 1889). 
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that silicate of magnesia, in an amorphous condition, is distinctly 
soluble in pure water, and also to a greater extent in sea-water. 

To determine this we added pure silicate of soda to sea-water in 
the following proportions :— 


Silicate of soda representing— . 

1 part silicic acid added to 1,000 parts sea-water produced a large precipitate. 

20,000 ,, », precipitate after 24 hours. 


These precipitates consisted principally of silicate of magnesia, 
silicic acid, and traces of silicate of lime ; so that we are justified in 
concluding that if alkaline silicates in proportion equal to 1 part of 
silicic acid in 100,000 parts of water were present, the whole would 

be removed in combination with magnesia and thrown out of solution. 

- For the sake of argument, let us suppose that silicic acid did occur 
to this extent in sea-water, thus representing 0°01 germ. per litre, even 
this amount, taking it, we shall say, as a saturated solution of the most 
insoluble silicate known, is very much less than the amount. of silicic ~ 
acid found by the analysts whose results represent the maximum 
amount of that body found in sea-water (see Table I., p. 235). 
These experiments were repeated with pure water, to which chloride 
of magnesium was added together with pure silicate of soda. The 
results showed that amorphous or freshly-precipitated silicate of 
magnesia was less soluble in fresh than in sea water, thus leading 
us to assume that it could not be carried to the sea as such by rivers, 
as also that river water, rich in other magnesium salts, can hardly 
be supposed to carry soluble silicates to the sea. | | 
A similar series of experiments were conducted with lime salts, 
but the amorphous silicate of lime so formed was found, in com- 
parison with the silicate of magnesium, to be so soluble that it did 
not cause any precipitate above 1 ‘part in 50,000 of water in 
twenty-four hours. 

To vary these experiments, a weak solution of silicate of soda | 
was exactly neutralised by means of hydrochloric acid ; an amount — 
representing 1 grm. of soluble or colloid silicic acid was added to : 
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1 litre of sea-water, the one-half of which was kept at a temperature 
of 40° and the other at 80° Fahr. Here apparently more silicic acid 
was retained in solution by the sea-water than in the former experi- 
ment with the alkaline silicate, and on determining the amount of 
silicic acid in the filtered sea-water after seventy-two hours, it was © 
found that sea-water could hold up for that period 0°1346 grm. per 
_ litre, the precipitate consisting principally of silicic acid and silicate 
of magnesia. We think, however, that as 2 rule silicic acid must 
reach the ocean in the form of silicates. * 

At this point it may be well to refer to the character of river 
water in its relation to the amount of silicic acid carried to ihe sea. 
From the analyses of forty-eight river waters given by Bischoff,} we 
find the average quantity of silicic acid present to amount to about | 
part in 100,000. But here the same source of error seems to have 
crept in, as is the case with the silicic acid determinations in sea- 
water, a certain number of analysts showing a maximum amount 
— equal to 4°8 parts in 100,000, whilst others show. minimum results 
— equivalent to 0°01 part in 100,000. That this source of error is due 

to the presence of insoluble clay, is pretty well proved by the results 
of certain of the analyses. For instance, in those of the waters of 
the Maas, the amount of silica at Hocht is 2 parts in 100,000 ; at 
Pierrebleue, 1:04; and at Arensdonck, 0°28 ; clearly showing that 
the water had deposited insoluble siliceous matter or clay in its — 
course to the sea. However this may be, it is certainly curious to 
note, taking the minimum results of these forty-eight analyses as 
representing the true amount of soluble silicic acid in river water, | 
that we find it equivalent to 1 part of that body in 250,000 to 


* A solution of silicate of soda was neutralised with carbonic acid, and an 
amount of this solution equal to 1 grm. of soluble or colloid silicic acid added 
to 1 litre of sea-water. A comparatively small precipitate resulted, and was 
found to consist of silicic acid and silicate of magnesia, with traces of lime. 
The clear liquid filtrate from this precipitate remained for a very long period 
perfectly clear, and only deposited a slight additional precipitate after stand- 
ing more than fourteen days. The silicic acid was determined in the filtrate, 
and it was found that the amount of the precipitate corresponded with the 
carbonate of magnesia or lime which occurred in the water. Thus if soluble 
silicic acid in any circumstances be added to sea-water, we should expect only | 
that portion thrown out that would thus combine with the alkaline constituents 
of the sea-water, the amount of alkaline constituents being always enormously 
in excess over that in which silicic acid could exist either in surface or bottom 
water. + Loc. cit., vol. i. pp. 76, 77. 
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400,000 parts of water—figures curiously corresponding to those 
representing the minimum determinations of soluble silica in sea- 
water by us (see Table IJ.).* 

As was stated above, there are no means at our disposal to ex- 
plain the elaboration of silica from salts by organisms, as in 
the case of the secretion of carbonate of lime from other calcium 
salts.j Silicic acid, if present at all in the ocean in a soluble form, 
can only occur in that one condition. Where then are we to look 
for the sources from which Diatoms, Radiolarians, Sponges, &c., 
obtain the silica necessary for their siliceous skeletons ? 

Early in the course of these investigations we were led to suspect 
that the pelagic siliceous organisms might, in part at least, obtain the 
silica for their frustules and skeletons from the clayey matter sus-_ 
pended mechanically in sea-water. It has been long known that the 
principal part of the fine clayey matter suspended in river water is 


* Kyle, in his analyses of the water supplied to the city of Buenos Ayres, 
states that ‘‘the river Plate is in reality the estuary of the rivers Parana and 
- Uruguay. It is characterised by its muddy appearance, and always contains 
in suspension a considerable amount of coloured clay.” In the analyses which 
follow of the waters of the rivers Plate and Parana, this clay is represented as — 
alumina and silica. From this it is evident that the waters were not filtered 
before analysis. On the other hand, looking at the analyses of the water of 

the river Uruguay, the analyst characterises it ‘‘as a very remarkable one, and 
_ probably one of the purest river waters in the world, containing rather less 
than four parts of solid matter per 100,000. Alumina is entirely absent, the - 
noteworthy fact being that about 46 per cet. of the total solid matter consists _ 
of soluble silica not suspended as in the other two rivers. A small proportion 
exists probably as alkaline silicates, but the greater part is undoubtedly present 
as hydrated silicic acid,” In these circumstances may be found an explanation 
of the petrifying properties attributed to the water of a Uruguay (Chemical 
News, vol. xxxviii. p. 28). 

The abnormal quantity of free silicic acid present in ies waters may be 
accounted for, either by the decomposition of felspar rocks by carbonic acid, or 
by the action of azo-humic acids referred to by Julien (“On the Geological 
Action of Humus Acids,” Proc. American Ass., vol. xxviii. p. 325) on silica 
itself. But, granted all that has been advanced as to the carriage of silicic 
acid as such in a soluble condition to the sea by rivers, as we have shown, when 
such water mixes with the sea there can be no possible accumulation of soluble 
silica over that of one part in from 50,000 to 100,000 parts of water. 
Julien, we think wrongly, urges that the humus acids may have the same 
action in sea-water that they have upon silica on land in the presence of fresh 
water ; that a vast proportion of humus acids reaches the sea is undoubtedly the 
case, but immediately. on mixing with salt-water the humus acid is thrown 
dewn either in combination with lime, magnesia, or alumina. 

+ See Murray and Irvine, ‘‘ Coral Reefs and other Carbonate of Lime Forma- 
tions in Modern Seas,” Proc. Ruy. Soc. Edin., vol. xvii. pp. 79-109, 1890. 
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precipitated to the bottom when the river water mixes with the 
waters of the ocean.* | | 

We have consequently made a large number of experiments 
(exceeding 100 determinations) bearing on this point. The fol- 
lowing Table gives the results of a series of experiments with 
clayey matter suspended in sea-water of different salinities, and at 
different temperatures. | 


Taste Il.-—Amount of Clay remaining suspended in Sea-Waters 
of Various Densities, after being shaken up, and allowed to 
stand at rest, at Temperatures of 40° F. and 80° FF. Results — 
in grammes per Litre, | 


a Temperature, 80° F. 


10258 10268-10275. 10288 
Time 24 hours, . Sea Clay 0:00388 0°0033 0°0033 | 0:0028 
Land ,, 0:0033 0°0023 . 0:0023 | 0°0023 
Sea ,, 070003 | 0-0003 
Land,, 0°0003 0-003 | 0-0003 

B Temperature, 40° to 50° F. 

10258 10265 | 10275 ; 1028» 

Time 24 hours, . Sea Clay | 0°0058 0:0063 | 0:0068 0-0068 | 
Land,, 070058 | 0°0060 | 0:0068 0:0060 
0:0013 | 00018 | 00018. 0-0018 
Land ,, 00015 0°0013  0°0015 —0-0013 
00010 00010 0°0013 00015 
0:0010 0:0010 0:0010 0:0010 

Temperature, 80° F. 
10008 100556 1010* 10155 | 10205 | 10255 1028: 

Time 24 hours, | 0:0623 | 0°0048 | 0:0028 | 0:0020 | 0-0018 | 0:0918 0:0018 
00723 0:0028 | 0:0018 | 0:0013 00013 | 0:0010 0-0010 


* Advantage is taken of this fact in the purification of muddy waters for 
domestic and manufacturing purposes by adding lime and alumina salts, which 
induce the separation of suspended matter and its subsidence (see Sidell in | 
Humphreys and Abbot’s Report on the Mississippi, Appendix A, No. 2, pp. 495 
ct seqg., 1876; Schultze, Poyg. Ann., vol. 129, p. 366, 1866). 


| 
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6 Temperature, 40° to 50° F. 
| 1000s 10056. 10105 | 10155 | 1020s | 10255 10288 


4 | ‘| 


i 


| 
| Time 6 hours, 0°0558 . 0°0568 | 0°0388 | 0°0388 0°0418 0°0333 
| 


| 
00113 0-0073 | 0-0053 | 0-0053 | 0-0053 | 0-0053 
48 4, | 0°0048 0-0025 | 0-0028  0°0031 0-0025 
0:0033 00018 | 0:0018 | 0°0013 | 0:0018 9:0018 
96 ,, 0°0658 0-0028 0-0013  0-0013 | 0:0013 | 0°0013 0-0013 


« Water (1024*) from shore at Granton. 


After 24 hours at 80° F. contained 0°'0083 grm. 


¢ Clay suspended in Salts of Sea Water. 


Temperature 80°F. CaSO, | MgCl, MgSO, | NaCl | K,SO, 


! | | 
Time 48 hours, .  0°0013 0°0015 0°0023 | 0°0116 | 0:0563 

| 

| 


| 


It will be seen that with waters of all salinities above 1010 the 
~ great bulk of the heavier clayey matter is thrown down in the course 
of twenty-four hours, which is in harmony with the results of pre- 
vious observers. There is, however, a small residuum which is held 
in suspension, even in waters of a salinity equal to 1028. The 
amount, it will be observed, varies with the temperature. At a 
temperature of 40° to 50° F., and a salinity of 1027, 0:0064 grm. 
per litre of clay remained in suspension at the end of twenty-four 
hours,* while, under the same condition as to time, ata temperature 
of 80° F., only 0:0033 grm. remained in suspension.t At the former 
temperature, 00018 grm. remained suspended at the end of 106 
hours, } and at the latter only 0°0003 grm. at the end of 120 hours.$ 
It appears, then, that all the clay brought to the ocean by rivers is 
not precipitated on mixing with sea-water, but a very small quantity 
may be carried far and wide by ocean currents, the amount thus held 


= 27,500 tons per cubic mile of water. 
= 14,200 tons per cubic mile of water. 
= 7740 tons per cubic mile of water. _ 
= 1300 tons per cubic mile of water. 


* 


i | 
| 
| 
} 
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in suspension by the sea-water depending largely on the temperature, 
and to a less extent on the salinity, being greater the lower the 
temperature and salinity. 

To ascertain the amount of clayey matter in suspension in the open 
sea far from land, we procured large samples from the surface of the 
Atlantic, the Indian Ocean, Red Sea, the Mediterranean, the German 
Ocean, the Baltic Sea, and the Firth of Forth.* These waters were 
preserved in stoneware jars thoroughly cleaned and filled with the 
utmost care, so that no siliceous matter might be accidentally intro- 
duced. About 14 litres of sea-water were passed through a double 
ashless filter, and, after carefully washing the solid matter left on 
the filter to got rid of salts, the whole was burned, and the residue 
treated in a platinum vessel with pure boiling sulphuric acid,—the 
silicic acid, iron, and alumina were treated in the usual way. The 
results are exhibited in the following Table :— 


TABLE III.—Showing Amount of Mechanically-Suspended Silicates 
(Clay) present in Water of Different Seas. 


In 14 Litres | Per Cubic 
of Water. Mile of Water. 


I. Firth of Forth, 1 mile from shore, . | 0°0259 grm. ; 8000 tons. 
II. Atlantic Ocean, lat. 51° 20’, long. | 


31° W., 00052 ,, |. 1604 ,, 
Ill. German Ocean, 30 miles E. of May Island, 0:0063_,, 46 
Mediterranean, centre of eastern basin,. | 0°0065_,, 
V. Baltic Sea, salinity 10006. 00906 - ,, S200: 
VI. Red Sea, off Brothers Island, 0:0006 ,, 
| VII. Ocean, lat. 15° 46’ N., | 00006 ,. 


In the first determination (I.), Firth of Forth, the amount of 
silica in the clay, represented above, is about one-fourth what our 
minimum results show as present in a soluble condition in sea-water. 
In Baltic water (V.), salinity 1005, about one-eighth ; in Atlantic, 
German Ocean, and Mediterranean waters (II., II. and IV.), about 
one-sixteenth, and in the Indian Ocean and Red Sea still less. 

This seems to establish the fact that there is always a small 

* We are indebted to Captains Thomas S. Knox and George Read, of the 


Anchor Line, for collecting the waters from the Mediterranean, Indian, and 
Atlantic Oceans. 


| 
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quantity of silicate of alumina or clay present in sea-water, even at 
very great distances from land, and in the saltest and warmest 
waters. The above waters were taken from the surface; but, by a 
carefully-collected series of waters from different depths, it might 
be shown that the deeper and colder waters contained a greater 
proportion of this fine clayey matter than the surface ones, and 
it is at once apparent that waters taken near shore will contain 
more than those from far out at sea. 

Bearing in mind the above facts, it is interesting to recall what was 
stated above as to distribution of siliceous organisms in the ocean, they 
being more abundant in shore waters or in waters of a low salinity 
and in cold waters—as, for instance, Diatoms in brackish waters and 
in those of the cold Southern and Polar Oceans, and Radiolaria in 
polar waters and in the West Pacific and Eastern Indian Oceans, 
where there is a relatively low salinity, as well as in deep inter- 
mediate waters where there is a low temperature. This would seem 
to indicate that in the ocean siliceous organisms are more abundant 
where there is most clayey matter in suspension in the sea-water. 


With the view of gaining some information as to the conditions 
under which silica might be secreted by organisms, we instituted a 
number of experiments with Diatoms and other silica-secreting plants. 
A culture solution, representing the mineral food of plants according 
to Sachs’ formula, was prepared, consisting of— 


Distilled water,. . 2000 grms. | Sulphate of magnesia, . 1 grm 
Chloride of sodium, lt ,,. | Phosphate oflime,, . 1 ,, 
Nitrate of potash, . Ferric chloride, 
Sulphate oflime, . 1. ,, 


(A) Into a portion of this solution a minute patch of Diatoms 
(Nuvicula) was placed (in August 1890) with a small quantity of 
silicic acid in the form of jelly. In the course of seventeen days 
they grew most vigorously, the Diatoms increasing in great numbers 
—possessing the characteristic yellow-green colour of chlorophyll, 
siving off oxygen abundantly in sunlight, and moving about with 
the peculiar motion of these organisms. From this patch of Diatoms 
we obtained the material for the following experiments. 

(B) A small quantity of living Diatoms from (A) was carefully 
washed so as to remove all traces of silicic acid or soluble silicates, 
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and transferred to a fresh portion of culture solution pure and 
simple. Fora time the plants continued to live, but their increase 
was trifling, and after twenty-seven days they presented the appear- 
ance of dead organisms, being deprived of their green colour, ceasing 
to give off oxygen in sunlight, and were without motion. | | 
(C) Another patch of (A) carefully washed was placed in cul- 
ture solution, into which a quantity of very finely-levigated clay 
from the fields was introduced. (This clay by careful washing was 
entirely freed from any soluble matter.) After a short time the 
whole clayey matter became entirely altered in appearance, forming 
a sticky matted-like substance, from which in sunlight oxygen was 
freely given off, and which under the microscope showed an 
enormous growth of Diatoms, having the characteristic yellow- 
green colour of the healthy alge. This experiment has been 
continued for a number of months, and the results obtained, so 
far as the development of Diatoms is concerned, has been so 
extraordinary that we have examined with the utmost care any 
- possible source from which they might derive silica (apparently 
necessary to their life functions), other than from the clay which 
The experiment (B) seemed to prove conclusively. ential that 
siliceous plants cannot obtain silica: in sufficient quantity from the 
glass vessels used for that experiment. We were also suspicious 
that atmospheric dust might have provided a certain amount of 
siliceous nourishment, but the fact that the Diatoms in experiment(B) 
had been unable to live seemed to us to prove that neither from the 
glass vessels nor from atmospheric dust could they obtain, wnder the 


* Johann Nave, writing of Diatoms, aes that these Alge abound 
wherever water collects, from the sea to the smallest puddle on the way- 
side, and are generally associated with clay or mud. Gerstenbergh’s plan 
for the propagation of Diatoms is instructive. He spreads the mud (containing 
Diatoms) on a plate or shallow dish, and exposes it to the full light of the sun. 
Stimulated by its rays, the plants begin to multiply rapidly, and on removal — 
those left in the mud may be stimulated into active production by repeating 
the same process. By degrees the vitality of the little plant exhausts itself, 
and it is necessary to revive their vegetative powers. This may be accom- 
plished by creating an artificial spring and winter. You have only to allow 
the water to evaporate, and the mud to become nearly, but not quite, dry, when, 
on fresh water being poured over it, vegetation commences anew. In this 
way gatherings originally poor may be made to yield an abundant supply of 
Diatomacea. 
XVIII. 90/5/91 Y 
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careful conditions of our experiments, sufficient silica for vigorous 
growth. On placing a small portion of the matted sludgy matter 
under the microscope, it was interesting to notice that all round the 
outside, and even piercing into the very centre of the mineral 
matter composing the mud, there were living Diatoms in great 
abundance, whilst in the clearer field of the microscope free from 
clay, only a very few were detected floating about. ‘These experi- 
ments seem to point to the conclusion that these organisms are in 
the process of growth able to obtain their silica from (otherwise) 
insoluble compounds of silicate of alumina. 

(D) A patch of (A) was introduced (August 1890) into culture 
solution containing silicate of lime. The result here was an 
abundant growth of Diatoms. 

(E) A patch of (A) was introduced (August 1890) into culture 
solution containing pure amorphous silica. A very few seemed to 
have lived, but the major portion had died by December 15, 1890. 

(F) A patch of (A) was introduced (August 1890) into culture — 
solution containing Diatom Ooze, and when examined shortly after- 
wards there seemed to be no growth, but subsequently (December 
15) a considerable mass of living Diatoms was observed. This 
may be due to the soluble silica present in Diatom Ooze, but 

of course such a source of silicic acid for surface Diatoms is out 
of the question. However, Sponges may obtain their silicic acid in 

Take now the case of land ere growing in a virgin soil, con- 
sisting of decomposing rocks, sand, clay, and salts of lime, potash, 
and so on, or in a barren soil, from which, by repeated cropping, all 


the soluble food salts have been extracted, but to which manure is  ~ 


added to replace the salts represented in the culture solution used 

in our experiments. In either case we have bulky crops grown, and 

on examining the ash left on burning the grain or straw we find 
large quantities of silicic acid which has been absorbed, as is shown 
by the following Table :— 

IV. 

The ash of wheat straw contains 73:57 per cent. silicic acid. 
barley _,, 32°73 
hay » 90°49 


2) 
9 


29 
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Here we find silicic acid always present, and in many cases bulk- 
ing very largely of the whole amount of the ash left on incinerating 
the plants. 

On looking at the analyses of such soils, we find a very large 
proportion of their constituents to consist of silicic acid, but in the 
insoluble form of sand, or in chemical combination with alumina as 
insoluble clay. | | 

In the drainage water from good arable land, the amount of silica | 
found amounts only to 1 part in 100,000. There must therefore 
be processes at work by which a plant can render soluble and make > 
available the silicic acid of the soil, from which its roots obtain this 
in common with other mineral food. It has frequently been pointed 
out * that when polished slabs of marble, dolomite, or apatite were | 
buried in pure sand, in which seeds were planted, wherever the 
roots of the plants reached the slabs corrosion of the surface took 
place, which is explained by stating that the fine rootlets secrete 
acids having a solvent and disintegrating action on the lime-bearing 
rocks. The rootlets have in all probability a similar effect on siliceous 
rocks. In the case cf what we consider eminently siliceous plants, 
the silicic acid absorbed from the soil and secreted on the outer cell- 
walls of the stems and in the joints must, it appears to us, have been 
so obtained. The clay, or even the sand grains, has been no doubt 
rendered soluble by plant action, for we have seen that no ordinary 
soil contains soluble silicic acid in the least degree equal to what is 
required for the healthy life of such plants as produce siliceous 
coatings. So far as we know, some plants usually containing silicic 
acid can be grown to vigorous and complete development under 
conditions in which they are entirely deprived of silicic acid; and 
granting that silicic acid does not appear to be necessary for their 
nutrition, yet we find it present in most plants, just in the same way as 
carbonate of lime, although not necessary for the nutrition of animals 
and plants, yet is always present in Foraminifera, Algz, &c.,+ where 
we find it always associated as part of the body structure. 

At one time agriculturists supposed that by adding soluble sili- 
cates to the soil, the stems of cereals would be so strengthened that 

* Sachs’ Physiology of Plants, pp. 262, 263. 


+ See Pouchet and Chabry, ‘‘L’eau de mer artificielle comme agent terato- 
génique,” Journ. de l’ Anatomie, 1889, pp. 289-307. 


CPx 
we 
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the laying of crops by stormy weather would be prevented. The 
result proved that no more silicic acid was secreted by plants under 
these conditions than when no such addition was made. Here we 
have apparently proof that the source of silicic acid in plants lies 
beyond any-question of soluble silica present in the soil. As to the 
secretion of silicic acid by marine plants and animals, we think it 
is unnecessary to formulate any elaborate chemical theory to account 
for its absorption and secretion. There can be but little doubt that — 
marine plants and animals have the power of decomposing the in- 
soluble silicate of alumina, or clay, which we have seen occurs in 
all sea-waters we have examined. The experiments we have been 
able to perform with Diatoms in the carefully-washed field clay and 
pure water, appear to indicate what takes place on such an enormous 
scale in nature, and to point to suspended clay as a true source from _ 
which siliceous organisms derive their silica. oe 
In the case of the secretion of silicic acid by Sponges, we may have ~ 
another condition of things, also capable of explanation in a somewhat 

- similar way. These Sponges grow in a muddy soil, and are provided 
with spicules, fixing them firmly in the deposit where decomposing 
organic matter is abundant, under the influence of which alkaline 
sulphides are continually being formed (by the deoxidation of the 
alkaline sulphates of sea-water). These sulphides may, acting 
locally, decompose the clay or silicate of alumina, setting free soluble 
silicic acid to be absorbed and stored up by the Sponges. It is not 
impossible that Diatoms, floating as they do near the surface of the 
water, may also receive silica in this manner, the organic matter 
present in the floating clay indirectly causing solution of silicic acid. 
The presen ce of alumina in a quantity of Diatoms obtained in the 
Antarctic Ocean seems to point not only to the original presence 
of clay in the waiter, but its subsequent decomposition by these 
alge. 
There is also distinct solution of silicic acid when muds eunsisting 
of the remains of calcareous and siliceous organisms are acted upon 
by sea-water, as shown by the following experiments. A portion of 
mixed Diatom and Globigerina Oozes was placed in a litre of sea- 
- water and some mussel flesh added, so as to obtain the conditions 
attending decomposing organic matter on an ocean floor consisting 
of these mixed muds, After a week’s exposure, during which time 
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the organic matter had become putrid, the water was carefully 
filtered from the sediment, and the silicic acid determined in the 
iiltrate. The amount found was equal to 0°025 grm. per litre, or, 
according to the amount of water, 1 part of silica had been dissolved 
from the Diatom Ooze in 41,000 parts of sea-water. This action of 
silicic acid in decomposing carbonate of lime was further proved by 
exposing 2 grms. of the two oozes to boiling water for half an hour, 
the amount of silicic acid present in a soluble condition after that 
period amounting to 0°014, or 1 in 80,000 of water. To check this 
result, and at the same time to determine whether the decomposing 
action of silicic acid upon carbonate of lime was continuous, a 
portion of the mixed oozes was heated with successive quantities of 
sea-water, when it was found that this action was constant. Thus, 
in a mixture of 89-42 per cent. of calcareous organisms and 10°58 
per cent. of siliceous organisms, the amount of silica was reduced, 
by 25 successive litres of sea-water, from 10°58 to 3°47 per cent., so 
that 67 per cent. of the silica present was removed.* 

On looking at the Tables showing the amount of suspended clay 
in sea-water (see pp. 241 and 242), and comparing the amount with 
the soluble silica or silicates in sea-water, it is to be observed that 
the maximum amount of silica found is much larger than that 
present as suspended clay. In the actual determinations of this 
body in the seven waters (shown in Table III, p. 243), the 
amount of clay found in these waters ranges from 264 to 8000 
tons per cubic mile of waier, thus roughly representing from 132 to 
4000 tons of silica per cubic mile; whilst soluble silica, by the 
analysts’ results we have quoted, appears at a much higher figure. 


* In this connection Julien states (‘On the Geological Action of Humus 
Acids,” Proc. Amer. Ass., vol. xxviii, p. 359)—*“‘ Considerable evidence now 
exists that a substance corresponding to humus, simply in its yield of acid 
‘solvents of lime, oxides of iron, manganese, &c., enters universally into the 
constitution of the layer of ooze upon the bottom of the ocean. Its exact com- 
position has never yet been determined ; but it may be suspected that it 
resembles that of glairine, especially in its high content of silica, As it has 
resulted from the continuous decomposition of the cellulose membranes of the 
diatomacee, &c., and of the gelatinous sarcode of the radiolaria, spongie, and — 
foraminifera, which may be there living or deposited by subsidence from the 
surface, its composition must differ widely from that of the humus of subaérial 
eremacausis, in its large proportion of water and nitrogen and in its poverty 
in carbon. It must thus present the most favourable conditions for rapid 


dissociation.” 
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In either case, without doubt the amount found is sufficient to 
account for the growth and accumulation of siliceous organisms in 


modern seas; but a moment’s consideration will show that, by 


adopting the view that siliceous organisms obtain their siliceous 


matter also from insoluble matter floating in the water, we can 


understand te some extent their distribution in the ocean, and how 
they may obtain what to them is a vast local supply (close at hand) 
without being required to deal with an enormous quantity of liquid 
containing but minute traces of silica.* To exemplify what we 
mean, take, fur example, an animal requiring, say, 1 Ib. of solid 
food per day, this is quickly assimilated with the assistance of 


-asmaill quantity of water; but if we suppose this same amount of 


solid food dissolved in from 250,000 to 300,000 times its weight of 
water, we are unable to conceive the possibility of the animal assim- 
ilating enough of the solid nutriment contained in this mass of 
liquid to sustain life. 

In a future paper we hope to give further results of experiments 
now in progress on the subjects treated of in this paper. 3 
~ In the analyses and determinations referred to in'this communica- 


tion we have been assisted throughout by Mr W. 8. Anderson, 
Chemist at the Scottish Marine Station, Granton, and we desire 


to thank him for the great attention he has given to all the 


experiments. 


_ * The abstraction of silicic acid from silicate of alumina will, of course, 


necessitate that an equivalent amount of alumina should be accounted for. © 


Doubtless this passes into solution, for in all the sea-waters examined by 
us, after a most careful filtration, alumina has been found in solution (see also 


Dittmar’s Report, Phys. Chem. Chall. Exp., part i.) 
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A New Method for the Estimating the Specific Gravity of 
the Blood. By John Berry Haycraft, M.D., D.Sc. 


(Physiological Laboratory, University of Edinburgh.) 
(Read January 19, 1891.) 
~The method of Roy for determining the specific gravity of the 
blood is a very excellent one, and is capable of yielding sufficiently 
accurate results. Over thirty bottles containing mixtures of 


glycerine and water of different specific gravity, ranging from 
1:030 to 1:070, are used for the estimation, and a drop of blood to 


‘be tested is placed in a sample of one of these fluids. If the drop 


sinks it is heavier, if it floats it has a lower specific gravity, and 
then another drop of the same blood is tested until by a few experi- 


‘ments the exact specific gravity is determined. 


It might be imagined that this method is more difficult to carry 
out than it really is, and that it requires many attempts on the ~ 
part of the experimenter, and the loss of much blood, before the 
specific gravity is finally settled. This is no doubt true in the case 
of a patient examined for the first time, but afterwards, knowing 
beforehand what the specific gravity is likely to be, it is easy, with 
one or two trials, to find out if any change in the specific gravity 


has occurred. 


The chief objection to the method is, however, the cumbrous 


- nature of the apparatus required, which would render it useless for 
the requirements of private practice, although undoubtedly of much 


value in the Hospital and Laboratory. 

- The method I venture to introduce has this advantage that the 
apparatus used is quite portable, requiring no more room than the 
space occupied by a small pocket case. The method is accurate, 
requires only a single drop of blood, and, moreover, it is perhaps 


- more quickly done than that of Roy. 


Two mixtures of benzyl chloride (sp. gr. 1100) and toluol 
(sp. gr. 0°8706) are made, one (A) having a specific gravity of 1-070, 
and the other (B) having a specific gravity of 1:(020. With a cubic 
centimetre pipette graduated to ;i5th c.cm., one c.cm. of (A) 1s 


of 
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measured off into a glass tube, and the drop of blood to be tested is 
allowed to flow into the tube as well. The drop of blood does not mix 
with the solution, having a different surface tension from it, and floats 
on its surface as a tiny red globule. The graduated pipette is now 
filled with solution (B) and this is allowed to run slowly into the 
mixing tube, shaking after each addition. As (B) flows in, the 
specific gravity of the mixture is lowered, and after each addition 
and shake the red globule returns more and more slowly to the 
surface. At last it neither tends to rise nor sink, and the mixture 
now has the specific gravity of the blood itself. The specific 
gravity of the mixture can readily be calculated, or found from 
the table attached to the apparatus made by Mr Fraser, Lothian 
Street. Suppose 0°5 cc. of (B) has been added, the total weight of 
the fluid divided. by its volume will give the specific gravity of the 
mixture. 


i< at sp. er. 1070 = 1070 
‘0 cc, at gr. 1020 = 510 


15) 1580 

1053 

As the mixtures of benzyl chloride and toluol expand with heat 
they will vary in their specific gravity, so that a correction for 
temperature must be made if exactitude is required. The solutions — 
(A) and (B) are prepared at the temperature of 15°-6 Centigrade or 60° 
F. and if the temperature of the room in which the experiment is 
made is also 60° F. no correction will be needed. If, however, the 
temperature is higher than 60° F. the specific gravity of the fluids 


will be lower, and this fall of 1 ieee gravity will be at the rate 
of 1° for every 2° . 


Example 1 cc. of (A) at 1070 = 1070 
3 ce. of (B) at 1020 = 510 
1580 

1053 


Temperature of room 66° F., therefore 3°* must be subtracted 


the real specific gravity of the mixture (and therefore of the blood) 
being 1°050 at that temperature. 
* The more accurate allowance for temperature is ‘88° sp. gr. for every 2° F. 


of temperature above 60°. For all ordinary purposes 1° sp. gr. is sufficiently 
accurate and more easy to calculate, and hence that figure is given in the text. — 
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My first attempt to estimate the specific gravity of blood was by 
quite another method. While watching a globule of blood slowly 
descend in a cylindrical vessel filled with oil, it occurred to me 
that by using drops of the same size, their specific gravity could 
easily be determined, for the higher their specific gravity the 
quicker would they fall. By the rate of fall, I found that. the 
specific gravity could be determined with the greatest accuracy, but 
inasmuch as the viscosity of the oil, and therefore the rate of 
fall varies with the temperature, this must either remain constant 
or a correction made for it. As the viscosity varies considerably 

- with even small changes of temperature I abandoned the method, 
as one incapable of clinical application, though it is, I find, highly to 
be recommended for laboratory purposes, where the temperature 
factor can be kept strictly under control. Having spent some time 
on this method I did not like to relinquish the subject, and the 
plan already described in this paper was worked out. It occurred 

to me that if I could obtain two fluids, both of which had a different 
surface tension from blood, one of which procured a higher, the 
other a lower specific gravity than blood itself, I could mix them 
until I hit off the exact specific gravity of any particular drop I 
might wish to examine. This is of course the principle of the 
method already detailed in this paper, but I was for some time 

- unable to carry it out in practice, more especially as such fluids 
must be very mobile in order readily to mix with each other, and 

qi mobile fluids of high specific gravity are. not very numerous. I 

first tried mixtures of chloroform and paraffin, one mixture having 
| the sp. gr. 1070, and the other sp. gr. 1020. This plan did not 
succeed at all, for the mixture affects the density of the blood itself, | 

-  a@ globule of blood, say of slightly lighter specific gravity than a 

aoe civen mixture of chloroform and paraffin, on its first immersion 
floating on the surface, but after a few seconds acquiring density 

: | : and sinking in the fluid. I then tried mixtures of chloroform and 

| - toluol (chloroform, sp. gr. 1:498 ; toluol, sp. gr. 0°8706), and this 
| S time with success, the specific gravity of the blood remaining 
constant in the mixture. This method succeeds admirably, but 
the mixtures are apt to lose specific gravity on keeping, for the 
| 3 chloroform is very volatile, boiling at 61° C. I then sought for 
another mobile fluid having a higher specific gravity and a high 
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boiling-point. After one or two trials I used benzyl chloride, 
C,H,CH,CL, having a specific gravity of 1100, and:a boiling-point 
178° C. The only objection to this is its irritating vapour. It is 
well not to allow any of the fumes to get into the eyes, or somewhat 
painful smarting will result. 


a 
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On the Estimation of Uric Acid in the Urine. A Reply 
to Criticisms upon the Silver Method. By John 
Berry Haycraft, M.D., D.Sc. | 


(Physiological Laboratory, University of | Edinburgh.) 
(Read February 16, 1891.) 
(Abstract.) 


I published in the Brit. Med. Jour., December 12, 1885, a 
method invented by me for the easy and yet accurate estimation 
of uric acid. The method consists in precipitating the uric acid 
as a silver salt, estimating the silver, and calculating the uric acid 
from the silver (168 uric acid to 108 silver). As no process was then ~ 
invented which had itself been tested, except as Salkowski’s, by the 
side of others acknowledged to be inexact, I did all my work with 
weighed quantities of uric acid, and tested my process—the only © 
straightforward way of working—by adding known quantities of 
uric acid to one of two samples of a urine, and finding as a result 
of my estimations of the uric acid in the two samples practically 
the same difference as the weight of acid added. Hermann con- 
firms my work (Zeitsch. f. physiol. Chemie, Bd. xii. s. 496), 
and Czapek, working with Professor Huppert, proposes a modifica- 
tion of my method, while Camerer’s results (Zeitsch. f. Biologie, 


Bd. xxvii. s. 113) run on parallel lines. My results have been 


adversely criticised by Salkowski, who still maintains that uric acid 
and silver do not combine in a definite ratio. This observer 
published in 1872 twelve analyses, which show, according to his — 


belief, that there is no constancy in the proportion between the 


silver and uric acid, and in 1889 he again affirms the same 
thing, bringing forward in proof of his assertion some dozen 
analyses made by his colleague Professor Jolin and himself. I was 
for some time unwilling to take up the controversy where Professor 
Salkowski had left it, for, certain of the care with which my own 
work had been done, I was quite willing to let the matter be 
settled by other and less prejudiced persons, especially as such 
seemed willing enough to undertake the task. As, however, my 
method had been widely used, especially for clinical purposes, and 
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as I had frequently to answer queries concerning its accuracy, I felt 

it my duty carefully to examine once more the whole question, and 
if there was any doubt about it, at once to set that doubt at rest. 
I was I confess agreeably surprised to find that Professor Salkowski 
had made a slight mistake, which when rectified places his own 
results and ‘mine in complete accord. In order to make this point 
quite clear I will venture to reproduce Professor Salkowski’s 
results, arranging his analyses in order, beginning with the one 
having the least uric acid. | 


Salkowski’s first Table (1892). 


1 2 3 4 , 

No. Silver plied Uric acid Difference in = 

1 029 045 033 44 
2} +035 054 040 ~14 4°09 
3 037 "057 "042 

5 "046  —20 4°03 : 3 

6 "049 077 °056 - 21 4°02 : 3 

7| +050 078 3:43 : 3 

8 079 2°24: 3 

9 "054 "084 —14 3°36 3 
"064 ‘088 —12 3°41 : 3 
12} 073 | 114 086 98 3:96: 3 


I think No. 8 is evidently a spoilt analysis, for no similar result 


is ever again to be found in the tables of Salkowski, Jolin, Hermann, 
or Czapek, and the last, urine No. 12, must be considered under 
the head of “urine saturated with uric acid.” Such urines, and 
Czapek estimated some of these, stand by themselves, and probably 
require dilution before the analysis is made. Omitting these two 
- cases, and arranging the, results as I have done, it is evident that 

there is, in each case, an excess of the uric acid estimated from the 
silver over that actually found by Salkowski’s own process of about 


14 mgrms. This difference is as constant as one can expect, for — 


Jolin and Salkowski, in performing two check analyses of the uric 
acid, in one and the same urine, by one and the same process, fail 
to get them then to coincide by 3 or 4 mgrms. What Salkowski 


| 


| Uric Acid | Uric Acid di- 
| reckoned from ‘rectly estimated) Difference. 
the Silver. (Salkowski). 
0756 +0556 3°99 : 8 
2 10938 0757 3°66 : 3 
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proves, therefore, is that by his method about 14 mgrms. less uric 
acid are found than by the silver calculation. The mistake he fell 
into in interpreting his results will be obvious on referring to column 
5 of his table. He here calculates the ratio between the silver and 
uric acid found by his method and does not find it constant. The 
reason is very obvious, for in the weaker urines the loss of 14 
mgrms. will be comparatively a heavy loss, making the ratio of the 
uric acid to the silver low, while in the stronger urines the loss will 
be less felt. A glance at the table will show this, for the silver in 
the upper part of the table is say 4:1 to 3, while in the lower part 
it sinks to say 3:4 to 3. The loss of a pound is much toa poor 
man, but will not inconvenience a rich one, because it bears a small 


— ratio to the sum that he possesses. 


In Jolin and Salkowski’s recent paper the same error is repeated 
without discovery, the table of estimation they give showing still 
more forcibly a “constant difference” as a result of their estima- 
tions. In the last two pages of his article this is shown very 
forcibly in the case of two final experiments made by Salkowski, 


_who estimates both the silver and the uric acid (by his meee) H in 


one and the same urine :— _ 


He says ‘Das zwischen Harnsadiure und 
silber berechnet sich. Aus Versuch 1=3:3:99 aus Versuch ii. 
3:3°66. Auch diese Bestimmungen bestitigen, also lediglich meine 
fritheren Angaben. It is obvious that the existence of a constant 
difference of about 19 mgrms. (more urine was used than in this case, 
hence the greater deficit) was all he really proves, and this con- 


- stant deficit tells most in the case of the weaker urine. Salkowski 


would not have misinterpreted his results had he arranged them 
with sufficient care or put in a column of differences which I have 
taken the liberty of adding. His results are therefore valuable © 
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evidence in favour of the silver process, for a constant difference such | 


as he obtains would not be possible were the compound (we will call 


it urate of silver) of unfixed and varying composition, and therefore 


his own results prove the proposition he intended to destroy. 

The constant difference of 14 mgrms. is due, at any rate in part, 
to the imperfections of his own method, which he had never taken 
the trouble to test, merely comparing his results with those 
obtained by the unexact method of Heintz This difference has 
been reduced to within the limits of manipulative error by Hermann 
and Czapek, when comparing the silver method with the method 
introduced by Ludwig. 
Mr Gossage has also criticised my method on the same grounds 


as Salkowski, but I am afraid that his results must suffer a totally 


different explanation. He gives five estimations, in which he 
obtains the uric acid by the silver method and by: Salkowski’s 


method. His results may therefore strictly be compared with the © 


exactly similar ones of Salkowski and Jolin. His average difference 


is 32 mgrms., which is more than the extreme difference obtained | 


by the other chemists (28 mgrms.). It we accept the results of 


Salkowski and Jolin as trustworthy we are forced to look upon > 
Mr Gossage’s analyses as untrustworthy, and indeed his least mani- 


pulative error is greater than the greatest ever quoted by them. 
(For a full discussion of this question see a paper appearing in the 
next number of the Zeitschrift f. physiol. Chemie). 
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On a Method of Observing and Counting the Number of 
Water Particles ina Fog. By John Aitken, Esq. 


(Read May 4, 1891.) 


The phenomena known as haze, fog, mist, and rain are in a | 
general way but the successive development of the same process, and - 
the line which divides the one from the other is very indefinite. 


Dust in the atmosphere produces a haze, and the thickness of a 


haze of this kind depends principally on the amount of dust present 
when the relative humidity of the atmosphere is very low. But as 
the humidity increases the effect of the vapour increases also; the 
dust particles attract the water vapour which becomes deposited on 


_ them, thus increasing their size and their hazing effect, till at last 


when the air is nearly saturated it becomes very thick, and forms 
what we call a fog; when in this condition, the thickness of the 
atmosphere depends principally on the degree of saturation. 
Between the haze and the fog, however, there is no recognised dis- 
tinction in kind, it is principally one of degree. After the air is 
saturated and the conditions are such as to tend.to cause super- 
saturation, then a change takes place in the condensation. A few 
of the dust particles have water deposited on them, and after a 


time they grow and become little drops of water, in which the 
original dust nucleus bears a very small proportion to the total 


weight. At this stage it is still called a fog, but after more water 
is deposited on the small drops they grow and become what is 
known as mist, and when the mist drops combine and fall they are 
called rain-drops. | 

The instrument to be described will, it is sat in addition to 


enabling us to count the water drops, also give us a means of finding 


by observation the boundary line between a dry fog and a wet one, the 
latter being the name often given to the first stages in the formation 
of a mist, when the condensation is taking place at the level of the 


observer. At present two forms of apparatus are being developed 


for observing these water particles. The first and simplest is an 
instrument for observing whether there are any water particles in 
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the fog or not, that is, for determining whether it is a wet or a dry 
fog. This instrument can also be used for counting the number of 
drops which fall on a given area in a given time. It might be 
thought it would be quite unnecessary to use an instrument for 
telling us whether there are any water drops in the fog or not; 
because if there are any drops in it, they will be falling, and will wet. 
all exposed:surfaces, so that a piece of mirror would be all that would 
be necessary for the purpose. Such, however, is not the case. [ 
have found in many fogs when all exposed surfaces were quite dry, 
that there were great quantities of water drops in the air and falling 
on all exposed surfaces. These drops, however, are so extremely 
small they are invisible under ordinary conditions, and being so 
small they rapidly evaporate, as all exposed surfaces are generally 
more or less heated by radiation during the day. _ 

The plan I have adopted for observing these drops is the same as 
that used for observing the artificially made drops in the “ Pocket 
Dust-Counter,” described in a previous communication.* The new 
instrument consists of a glass micrometer divided into squares of a 
_ known size, a spot-mirror for illuminating the stage, and a strong 
lens or a microscope for observing the drops on the stages. The 
space between the micrometer and the lens is open, so that the air 
passes freely over the stage, and the drops that fall on its surface | 
are easily seen. These drops are very small; as yet I have not had 
an opportunity of measuring them. They of course vary greatly in 
size, and many of them even when spread on the glass are not more 
than 0°05 mm. In observing these drops the attention requires to 
be confined to a limited area of the stage, as many of the drops 
- rapidly evaporate, some almost as soon as they touch the glass, 
whilst the larger ones remain a few seconds, A square of 1 mm. is 
rather small an area, but one of =1,, or 4; cm. does very well when 
- working with a magnifying lens. 

The following are samples of the results shistaai when working 
with this instrument. On the 19th February 1891, at 10 a.m, 

the fog was so thick that objects beyond 100 yards were quite 
invisible. The surfaces of bodies exposed in the open air were 
dry. On this occasion the number of drops falling per minute 
varied greatly from time to time. The highest number observed 


* Proc. Roy. Soc. Edin., vol. xviii. 
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-was 30 drops per min. per sq. mm., that is 3000 per sq. cm., or 
19,350 per square inch per min. This high number never lasted 
for long, and in the intervals the number fell as low as 300 per sq. 
cm., or to one-tenth ; the temperature at the time was 29°. Two 
days later, that is on the 21st of February, the air was again very 
foggy, about the same thickness as it was on the 19th at 10 a.m., 
and all exposed surfaces were dry; the number counted was 13 
per sq. mm. per min., that is 1300 per sq. cm. or 8385 per sq. in. 
per min. This number remained fairly constant on this occasion, 
and slowly diminished as the fog cleared away. The temperature 
at the time was 31°. On both of these occasions the temperature 
had not risen more than }° above the night minimum. The number 
of dust particles in the air was also counted on these occasions, and 
on both days the number was wey high, varying from 45,000 to 
80,000 per c.c. | 

The number of water particles in a fog, as given by these observa- 
tions, seems to be very large, and it is difficult to imagine how they 
_ evaporate so quickly that exposed surfaces are not wetted by them. 
‘It must, however, be remembered that they are very small, so small 
_ that they are not felt falling on the hands or face of the observer. — 
Indeed, it is probable they never touch the skin. These fog drops 
are very similar in size to the little drops artificially produced in 
the “ Dust-counter,” and it is found that, if the stage of the “ Dust- 
counter” is slightly heated, the drops never reach its surface, 
but are evaporated in the slightly heated layer of air over it. 

If we knew the size of these drops we might be able to calculate 
the velocity of their fall, and from that obtain the number per given : 
volume of air. As it would be more satisfactory to obtain. this 
number from direct observation, the second form of the instrument 
has been designed. It is constructed on the same principle as the 
other one, but an arrangement is made by means of which the 
number of particles. that fall from a known height are counted. 
My first attempts in this direction were not satisfactory, owing to 
using a magnifying lens for observing. This limited the height of 
air out of which the drops fell to little more than 1 cm. Another 
instrument has since been constructed in which this difficulty is 
overcome. In place of a short focussed lens, a low power microscope 


is used. This enables us to get easily 5 cm. of air over the stage. 
VOL. XVIII. 
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In order to find the number of drops in this height of air the 
following plan has been adopted. Underneath and concentric with 
the microscope is mounted a tube 5 cm. long and 4 cm. diameter. 
This tube is provided with a bottom and a cover; these are both 
fixed to an axis parallel with the axis of the tube, so that by 
turning a handle both top and bottom can be slid sideways, and 
the tube closed or opened at top and bottom simultaneously, when 
desired. In the cover is a small opening corresponding to the lens 
of the microscope, and in the centre of the bottom is fixed a 
micrometer illuminated by a spot-mirror. When the top and bottom 
are turned aside the tube is open at both ends, and the air can 
circulate freely through it. On quickly turning the handle both 
top and bottom are closed, and the micrometer by the same move- — 
ment is brought under the microscope, and all the drops that fall | 
out of the 5 cm. of air over it are counted on a known area. 
This instrument was only completed just when the fogs were 
about over for a season, and no satisfactory readings have been as 
yet obtained. It was, however, thought advisable to give this pre- 
liminary note at present, as the season for fogs has gone for a time, — 
and it will give an opportunity for any one wishing to make obser- . 
vatious in this way being prepared for the coming season. 
It may be mentioned that the instrument first described, may be 
found useful for observing the larger particles of dust in the atmo-— 
sphere. If it is exposed anywhere with the stage horizontal, the dust 
that settles on the glass can be distinctly seen with the lens. If the 
spot-mirror is applied to a microscope it gives an illumination very 
suitable for examining the smaller particles of dust. The very 
— small particles, which are quite invisible under the ordinary form of 
illumination, shine out brilliantly when illuminated by the spot- 
mirror. The spot-mirror has also been found useful in the micro- 
scopic examination of delicate obj ects other than dust par ticles. 
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On an Optical Proof of the Existence of Suspended 


Matter in Flames. By Sir G. G. Stokes, Bart., F. R. S. 
(Ina letter to Professor Tait.) 


(Read June 15, 1891.) 


8 BELGRAVE CRESCENT, | 
Edinburgh, June 13, 1891, 


Daar Proressor Tatt,-—I write to put on paper an account of 
the observation I mentioned to you to-night, in case you should | 
think it worth communicating to the Royal Society of Edinburgh. 

In the course of last summer I was Jed, in connection with some 
questions about lighthouses, to pass a beam of sunlight, condensed 
by a lens, through the flame of a candle. I noticed that where the 
cone of rays cut the luminous envelope there were two patches of 
light brighter than the general flame, which were evidently due to 
. sunlight scattered by matter in the envelope which was in a state of. 
- suspension. The patches corresponded in area to the intersection 
of the double cone by the envelope, and their thickness was, I may ~ 
say, insensibly small. Within the envelope, as well as outside, 
there was none of this scattering. The patches were made more 
conspicuous by viewing the whole through a cell with an ammoniacal 
solution of a salt of copper, or through a blue glass coloured by | 
cobalt. In the former case the light from the flame was more 
weakened than the scattered light, which was richer in rays of high 
refrangibility ; in the latter case the patches were distinguished by a 
difference of colour, the patches being blue, while the flame (with a 
suitable thickness of blue glass) was purplish. The light of the 
patches exhibited the polarisation of light scattered by fine particles 
—that is to say, when viewed in a direction perpendicular to the 
incident light it was polarised in a ea passing through the beam 
and the line of sight. 

When the beam was passed oink the blue base of the flame 
there was no scattered light. A luminous gas flame showed the 
patches indicating scattered light like the flame of a candle, but 
less copiously. They were not seen in a Bunsen flame or in the 
flame of alcohol, but were well seen in the luminous flame of ether. 
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When a glass jar was inverted over burning ether, the blue part, 
which does not show scattered light, extended higher till, just 
before the flame went out, the luminous part disappeared altogether. 
A Bunsen flame, fed with chloride of sodium, did not show the 
phenomenan, though the flame was fairly luminous. 

The phenomenon shows very prettily the separation of carbon 
(associated, it may be, with some hydrogen) in the flame, and at 
the same time the extreme thinness of the layer which this forms. 
It shows, too, the mode of separation of the carbon, namely, that it 
is due to the action of heat on the volatile hydrocarbon or vapour of 
ether, as the case may be. At the base, where there is a plentiful 
supply of oxygen, the molecules are burned at once. Higher up the 
heated products of combustion have time to decompose the com- 
bustible vapour before it gets oxygen enough to burn it. In the 
ether just going out, for want of fresh air, the previous decomposi- 
tion does not take place, probably because the heat arising from the 
combustion is divided between a large quantity of inert gas (nitrogen 
and products of combustion) and the combustible vapour, so that the 
portion which goes to the latter is not sufficient to decompose it 
prior to combustion. | 

In the Bunsen flame fed with chloride of sodium, the abeenée of 
scattered light tallies with the testimony of the prism, that the 
sodium is in the state of vapour, though I would not insist on this 
proof, as it is possible that the test of scattering sunlight is not 
sufficiently delicate to show the presence of so small a quantity e 
matter in a solid or liquid state-—Yours, sincerely, 
G. G. 


P.S.—I fancy the thinness of the stratum of glowing carbon is 
— due to its being attacked on both sides—on the outside by oxygen, 
on the inside by carbonic acid, which with the glowing carbon. 
would form carbonic oxide. 
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Note on the Isothermals of Ethyl Oxide. By Prof. Tait. 
| (Read July 6, 1891.) 


The first three pressure-columns of the following little table were 
constructed from the elaborate data given by Drs Ramsay and Young 


in their important paper “On Evaporation and Dissociation,” Part 


IV. (Phil. May., May 1887). They give, in métres of mercury, the 
pressures required to confine one gramme of oxide of ethyl to various 
specified numbers of cubic centimetres, at temperatures near to that 
of the critical point. | 


2.3 38.6 38-55 38.3 
2.4 34. 34-3. 34.43 34-16 
2.5 31-53 31-55 
2.75 28. 98:24 28-41 
27-7 27-42 27-45 
3.3 2124 27-19 27.3 
27-2 27-19 27-2 
27.9 27.20 27-2 
6 26-7 26-80 26-46 
25-9 26-00 25-6 
10 99.9 22.9 292.89 22.86 
15 18.3 18-4 18-26 
20 15-0 15.0 (14.97 14.8 
100 3.69 3-75 
300 1287 1.28 


The values in the second column are taken directly from the paper 
referred to (Table I.), in which 193°°8 C. is regarded by the Authors 


as the critical temperature. Those in column A were calculated 


for temperature 194° C. from the pressures given in the same table 
for 195° C. and 200° C. (occasionally 210° or 220° C.). Those in 


column B were calculated, also for 194° C., from Table II. of Drs 


Ramsay and Young, which contains their “smoothed” values of 


bed 


266 Proceedings of Royal Society of Edinburgh. —_[srss. 


the constants. Finally, column C has been computed from my 
own formula, in forms (given below) which are adapted to volumes 
greater and less than the critical volume, respectively. A glance at 
- column B shows that, so far as the “ smoothed” data are concerned, 
the critical point should be sought slightly above 194° C. For, 
at that temperature, the pressure has still distinctly a maximum 
and a minimum value, both corresponding to volumes between 3 
and 5. Column A, calculated from the unsmoothed data, does not 
show this peculiarity. Hence I have assumed, as approximate data 
for the critical point, | 
$=194°C., p=27-2, o=4. 


The last of these is, I think, probably a little too large; but we have’ 
_ the express statement of Drs Ramsay and Young that the true 
critical volume is about 4-06. | 

From their Table II., above referred to, I quote the first two lines 
_ below, giving (usually to only 3 significant — values of dp/dt 


constant volume :— 
1.60 0-92 -414 -319 -133 -019 -009 .0029 


.. 616 -426 -320 -131 -056 -019 .009 -0029 
ale | 0-90 -633. -405 


The third and fourth lines are calculated respectively from the 


expressions 
1.05 \ 
(085+ ond (124+~ 


representing the co-8ficient of in my general formula 


v(v +a)(v+y) v+a/) 


Aueeeulineie values of the other constants are now seaite obtained ; 
and we have, for the critical isothermal, while the volume exceeds 


the critical value, 


(v= 4) 
p= 27-2( ov +30 


In attempting to construct a corresponding formula for volumes 
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lower than the critical range, I assumed 3-5 as an inferior critical 
volume, and obtained 


_ 3.5)3 
p=27-2(1- 

As will be seen by the numbers in column C above, which are 
calculated from them, these formule represent the experimental 
results very closely :—but I am not quite satisfied with the first of 
them, because the value (3), which it assigns to a, seems to be too 
large in comparison with % But, on the other hand, if we much 
_ reduce this value of a, the closeness of representation of dp/dt is 
- much impaired, Again, the value (—1°5) which is assigned for a 
in the second of these formule is inconsistent with the fact that at 
0° C and 1 atm. the volume of one gramme is 1°4 ¢.c, nearly. But 
a very small change of a will entirely remove this objection, and 
will not perceptibly impair the amare, of the anes with 
experiment. | 

The general formula is applicable to temperatures considerably 
under that of the critical point, for volumes greater than 4. In fact 
Drs Ramsay and Young seem to assert that at any constant volume 
- pis a linear function of ¢ But I think even their own experiments 
show that, for v<4, there is diminution of the value of dp/dt as soon 
as the temperature falls below the critical value :—7.e., as soon as we 
begin to deal with liquid alone. And certainly such is the result 
- which theory would lead us to expect. _ 

[It is curious to note that if, in my general heals (Trans. 
R.S.E., xxxvi. p. 265), we assume 


a=y, 
we have 
and this leads to ee 
with the condition — 
30 + 2y = Ri /p. 


This Saeile differs by want of one disposable constant from (C) 
of the paper referred to, but approximates much more closely to it 
than does either (A) or (B).] 
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Additional Observations on the Development and Life- 
Histories of the Marine Food-Fishes, and the Dis- 
tribution of their Ova. By Prof. W. C. M‘Intosh. 


Abstract. 
(Read July 20, 1891.) 


Since the previous communication to the Society by the author 
and Professor Prince, not a few dubious points have been cleared 
up, and, by the courtesy of the Fishery Board for Scotland, further 
investigations on the general subject carried out at the St Andrews 
Marine Laboratory. Under the former head may be mentioned the 
large unknown pelagic egg, with a spacious privitelline space, termed 
Ovum of Pleuronectid B. This has been proved by Mr E. W. L. 
Holt to be the egg of the Long Rough Dab, so that the ambiguity 
which has existed since the Trawling Expeditions of 1884 is now at 
anend. The larval and early post-larval stages of the species have | | 
already been described and figured. A more detailed series of 
observations have also been made on the development of the Lemon 
Dab or Lemon “Sole,” as it is somewhat ambiguously termed, 
showing how readily ova can be transmitted long distances, and 
the larval and post-larval stages reared subsequently. Formerly, 
only the ovarian egg of Miiller’s Topknot was described and 
figured ; now the fertilized and free-floating egg and its develop- 
ment have been studied. Like the eg¢e of the Turbot and Brill, this 
has an oil-globule. The larva is tinted of a deep gamboge-yellow on 
head, trunk, and upper part of yolk-sac, while the oil-globule is con- 
‘spicuous at the posterior and lower part of the yolk by an environ- 
‘ment of the same bright hue. | 

Amongst forms hitherto unknown is an ovum somewhat less than 
that of the Gurnard, with a large privitelline space and an oil- 
globule. Its development has only been partially followed, and its 
relationships are unknown. ‘The ova of the three-bearded rockling 
have been procured in great numbers along with other two species 
of the same group, and the changes during development described. 
The most interesting additions, however, are those connected with 
the larger and the lesser Sand-eels, the reproduction of which was 
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involved in considerable confusion. Both forms have now been 
shown to have small demersal eggs which possess a single large 
coloured oil-globule when ripe, and, moreover, have the zona radiata 
covered by a special papillose layer which causes them to adhere 
to plates of glass and other foreign bodies. In the iarger Sand- 
eel the oil-globule is greenish yellow, in the lesser it is reddish 
or brownish yellow. In the earlier stages of the eggs in the 
ovary, the particles of greenish yellow oil are scattered throughout 
the granular yolk, but they gradually coalesce until the mature 
ovarian egg has only a single large globule. Towards the period of 
hatching, these globules undergo a curious change of tint in the 
embryos, just before yellowish pigment appears in the trunk, and 
the special papillose coating of the egg disappears, leaving the zona 
bare. Asin the herring, no vitelline circulation is established, and 
the yolk is considerably diminished before extrusion. The investi- 
gation of the developing eggs has also cleared up the relationships 
of certain larve, such as D and G,* which are shown to be the early 
stages of the forms under consideration. They occur in great 
numbers at certain seasons, as in March. ° It was apparent that they 
did not spring from pelagic eggs, since these would have been 
captured by the various nets before the advent of the young forms. 
It is now evident that two spawning periods or a much prolonged 
one are characteristic of the Sand-eel, the larve of which are found 
from March to July, or perhaps even later. 

_ By the frequent use of various kinds of tow-nets on 1 board the 
Garland’ and at St Andrews, at all seasons, an endeavour has 
been made to ascertain the distribution of the pelagic eggs of the 
food-fishes round our shores. They have been found at all depths, 
surface, midwater, and bottom, and sometimes in great numbers, 
especially where cod, haddock, whiting, and other forms congregate. 
Their abundance, as formerly indicated, is generally in keeping with 
that of the adults in the neighbourhood, though many are swept 
into adjacent areas where few or no adults occur. Moreover, while 
there is a general resemblance in the collections of the pelagic ova 
of the British coasts, certain areas have features of theirown. Thus, 
the floating eggs of the pilchard and mackerel are characteristic of 
the south and south-west ; the eastern waters of Scotland, as off the 


—* Trans. Roy. Soc. Edin., vol. xxxv. pt. iil. pp. 860, 861, plate viii. fig. 1. 
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Forth, teem with those of gadoids and pleuronectids, amongst which 
the cod, haddock, whiting, and long rough dab are conspicuous ; . 
while the sea off the west of Scotland, as in the Clyde area, presents 
such pelagic eggs as those of the variegated sole, witch, mullet-like 
species and numerous ova of the dragonet. The period of the year 
is also more or less characterised by the occurrence of certain forms. 
Thus in January, off the east coast of Scotland, the eggs of rockling 
and plaice appear, followed by those of the haddock, bib, and long 
rough dab. In March and April the eggs of the cod, ling, dab, 
_ sprat, gurnard, lemon-dab, brill, and other forms are common. As 
the season advances the ova of the weever, whiting, dragonet, 
witch, sole, and solenette are found; those of the turbot and 
topknot appearing towards the end of July. 
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A Case of Defective Endochondral Ossification in a 
Human Fetus (so-called Cretinoid). By Johnson 
Symington, M.D., and Henry Alexis Thomson, M. ms 
(With Three Plates. 


(Read June 15, 1891.) 


We have ventured to bring our examination of this specimen 
under the notice of the Society, not so much for its pathological 
interest, as for the light which it throws upon the normal mode of 
growth of the skeleton. There has been a tendency of late to regard 
endochondral ossification as quite secondary in importance to that 
of membranous ossification, but we believe that the case illustrates 
in a very striking manner the important part played by ossification 
in cartilage in the growth of the greater part of the skeleton. 

The specimen is a female foetus, which we received last February 
from Dr Gonin of Pontypool. It was born at the full time, and the 
labour was natural, except that the liquor amnii was in great excess, 
and that the forceps were used to assist the progress of the head. 

The father is a healthy man, aged twenty-six years. The mother, 
who is a year or two younger, suffers from occasional fits, regarded 
by her doctor as epileptic. They have two healthy children, aged 
four and two. About three months before this, their third child, 
was born, the mother was violently assaulted by another woman. 
Thero is no history of any relative of the parents having suffered 
from any malformation of the skeleton. 

- The foetus weighed 8 lbs. 2 oz. Its general external appearances 
are shown in Plate I., which is the reproduction of a photograph 
taken by ourselves. The most striking feature is the shortness of 
the upper and lower extremities, which are not only greatly 
diminished in length, but are very thick, and marked by deep 
transverse sulci. The head and trunk, on the other hand, are of 
nearly normal size. A closer examination of the head shows, 
however, a few peculiarities. Thus its upper part is somewhat 
enlarged, and the fontanelles are abnormally open. There is a deep 
sulcus at the root of the nose, which is exaggerated by the forward 
bulging of the forehead ; the nose itself is short and thick. This 
appearance has been described as resembling that of a bull-dog. 
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- The tongue protrudes from the open mouth 2 cm. beyond the upper 
lip, and lies upon the projecting lower lip. The trunk, as covered 
with soft parts, seems well formed. There is a distinct post-anal 
dimple placed 4 cm. above the anus. The skin, hair, and nails are 
normal, 

Tuble of Measurements. 


Total length from vertex to heel, . cm. 
Length from vertex to perineum, . CM, 
Length from vertex to umbilicus, . (28° cm. 
: Length from finger tip to finger tip, with arms _ 
| abducted at right angles with trunk, ©. 28cm. 
Total length of arm measured from base of | 
axilla to finger tip, 
Total length of lower limb measured from 


: centre of Poupart’s ligament to heel, . 87 cm. 
Biparietal diameter of head, . em. 
Occipito-frontal diameter of head, . . 129°3 cm. 
Circumference, . . 20:5 cm. 


The foetus was injected as soon as it came into our possession with 
Miiller’s fluid, and then kept in this fluid, which was en 
changed. 

After the specimen was hardened it was carefully dissected. On 
reflecting the skin a layer of normal fat was exposed, which was 
rather thicker than usual. The muscles, blood-vessels, and nerves — 
did not present any unusual variations. The muscles of the 
extremities had thick short bellies, due to the shortness of the bones. 
All the viscera were found to present a normal appearance to the 

naked eye. | | 
‘The thymus and thyroid were removed, and submitted for examl- 
nation to Dr G. L. Gulland, who very kindly favoured us with the 
following report :— 

“¢ Thymus.—In weight and dimensions decidedly above the normal, 
but the organ is subject to considerable variations in size. Micro- 
scopically there was nothing worth recording, except that the 
lobules were rather larger than usual, and that the concentric cor- 
puscles were better formed than is usual in a nine months’ foetus. 

Thyroid.— Weight and dimensions rather above the normal. 
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Microscopically the following changes were observed. The acini 


were irregular in size and shape. The blood-vessels remarkably . _ 


distended with blood, and here and there so tortuous, as apparently 
to project into the lumen of the acini. The epithelial cells were of 
large size, roughly cubical in shape, with a large nucleus and relatively 
large amount of protoplasm. In some parts the cells were adherent 
to the walls of the acini, but for the most part were lying loose 
in their interior, almost filling them with desquamated cells, from 
some of which, more granular than the rest, the nucleus had dis- 
- appeared. There was no marked leucocyte infiltration. 

“ The changes —o described may be included in the term acute 
desquamative catarrh. | 

As the foetus had been dead about eight days en we received 
it, the brain and spinal cord were not sufficiently well preserved for 
microscopic examination, but we succeeded in demonstrating some 
_ interesting changes in the general configuration of the brain. As 
these, however, were secondary to certain deformities in the cranium, 
we will defer their description until after that of the skull bones. 

The essential and characteristic lesion in this specimen is found i in 
connection with the skeleton ; and before proceeding to describe in 
detail the alterations in the individual bones, it appears advisable to 
state first, in general terms, that the alterations present are confined to 
certain groups of bones, while others are quite normal. The latter are—- 


(1) Those which are formed entirely in membrane, e.g., the fiat 
bones of the vault of the skull 
(2) Those which, although formed in cartilage, remain entirely 
or mainly cartilaginous till an advanced period of foetal life, 
so that their general growth is quite independent of endo- 
chondral ossification. As examples of these may be mentioned 
the sternum, costal cartilages, patella, and the tarsal and 
carpal bones. | 


The departures from the normal affect those parts of the skeleton 
which, formed in cartilage, largely depend for their growth during 
foetal life upon endochondral ossification, the cause of the departure 
being a premature arrest or absence of this process. The bones 
belonging to this group are the long bones of the extremities, the ribs, 
the posterior part of the base of the skull and the innominate bones, 
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Sxu.iy.—As the growth and ossification of the skull is a very 

‘complex process it affords numerous illustrations of the above 
generalisations. Thus the various membrane bones are normal, 
the parts cartilaginous at birth are of their usual size and form, 
while those bones which are ossified from cartilage at an early 
period of foetal life are considerably modified. Further, we find 
at the base of the skull a marked synostosis of certain bony 
centres, After the entire head with the brain zn sztw had been 
well hardened in Miiller’s fluid, a sagittal mesial section was made 
with a large knife. Similar preparations were made of the head of : 
a normal nine months’ foetus for purposes of comparison. In the 
sections thus obtained, the principal alterations in the base of the | 
skull are well seen. (See Plate II. figs. 1 and 2.) 

The part of the base which extends from the foramen magnum 
to the anterior edge of the pre-sphenoid is abnormally short, 
measuring 2°4 cm. only, as compared with 3°6 cm. in the normal 
foetus. This shortened portion of the base is represented by a 
single osseous nucleus, the os tribasilare of Virchow, so called 
because it corresponds to the three nuclei—basi-occipital, post- 
sphenoid, and pre-sphenoid, which Virchow found united in 
the skull of a cretin. 

This single osseous nucleus consists of cancellous bone, its 
margins are regular, excepting the anterior which is markedly 
irregular, presenting a number of tapering processes which project 
forwards into the cartilage. This nucleus is usually regarded as 
being formed by the fusion of three originally distinct nuclei 
by a process of synostosis; the appearance of the anterior 
margin, as above described, suggests the probability that, at any- 
rate, the pre-sphenoid element has been formed by an extension 
from an osseous centre lying posterior to it, and not from a separate 
centre. 
The mesial portion of the base of the skull in front of the 
-gphenoid being normally cartilaginous at birth, is in this specimen 
of normal length. Thus the distance from the anterior edge of 
the os tribasilare to the level of the fronto-nasal suture was 3 cm., 
and in the normal foetus the distance was the same from the anterior 
edge of the pre-sphenoid nucleus to the fronto-nasal suture. The 
continuation of the mes-ethmoid cartilage under the nasal 
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bones towards the tip of the nose is also normal. We find, 
therefore, a distinct shortening of the base of the cranium in 
front of the foramen magnum, this shortening being limited 
to the parts normally ossified at birth, by intra-cartilaginous 
ossification. 

Occipital bone.—The upper portion of the supra-occipital (inter- 
parietal bone of comparative anatomists) which is developed in 
membrane is well formed; its junction with the lower portion of 
the supra-occipital is indicated by the usual fissure extending 
inwards from the margin on either side. All the parts of the 
occipital bone ossified from cartilage, viz., the lower part of the 
supra-occipital, the ex-occipitals, and the basi-occipital, are much 
smaller than normal, and are not separated from one another by 
cartilage as in the normal foetus; the lower part of the supra- 
occipital being ossified to the ex-occipitals, whereas normally they 
are separated by a layer of cartilage several millimetres in thickness. 
Again, the cartilage between the ex-occipitals and the basi-occipita! 
is absent, although there is no osseous union of these bones. 
The changes in the basi-occipital have already been described. 
The foramen magnum is remarkably diminished in size, measuring 
only ‘65 cm. in its antero-posterior diameter, compared with 2:2 

cm., which we found to be the average of four normal skulls. 
This diminution is, of course, the direct result of the premature 
ossification and arrested development of the four elements of the 
- occipital bone which surround the foramen, a and by the growth of 
which the foramen increases in size. 

Sphenoid.—As already mentioned, the pre- and post-sphenoidal 
~ nuclei, together with the basi-occipital, are represented by a single 
osseous mass, the os tribasilare. The pituitary fossa is distinctly 
smaller than usual, its antero-posterior diameter being ‘6 cm. as 
compared with 10cm. The orbito-sphenoids, or lesser wings, are 
smaller. The ale-sphenoids (greater wings), on the other hand, are 
fully as large as normal; this suggests that they are not formed 
entirely in cartilage as inal described, but partly in membrane, 
and the radiating appearance of their outer edge supports this view. 

Ethmoid.—The mes-ethmoid, which is normally cartilaginous ai 
birth, is, as we have already mentioned, of normal size. Its 
lateral masses, although well ossified, are distinctly smaller than 
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normal. The inferior turbinate, a cartilage bone, is also small and 
well ossified.. 

Temporal bone.—The membranous portions (squamo- -zygomatic 
and tympanic) are normal, but the petro-mastoid, developed in 
cartilage, is distinctly smaller than normal, and its cranial surface is 
irregular in form, the prominence of the superior semicircular canal 
and the floccular fossa being indistinct. The auditory ossicles are 
well ossified, and are practically normal in size. | 

All the foramina piercing the cartilaginous portion of the base of 


the skull are distinctly diminished in size. The bones forming the 


vault of the skull—frontals, parietals, and upper part of supra- 
occipital are normally ossified, but the calvaria presents certain 


peculiarities. Thus all the fontanelles, mesial and lateral, are en- | 


larged, and the two halves of the frontal and the two parietals are 


further apart than normal. The reason of the enlargement of the © 


fontanelles is found in the fact that the base of the skull is so short 
that an abnormal separation of the bones of the vault was necessary 


to give space for the growing brain. For the same reason the 
vertical plates of the frontal are bulged forwards. There is, 


therefore, a general enlargement of the vault of the skull compen- 
satory in character. All the facial bones developed in membrane 
are practically normal. 

The lower jaw is the one any The 


ossification of this bone is complex, it being formed partly in 


cartilage and partly in membrane. On the whole it is distinctly 
smaller than normal; thus it measured 3°3 cm. along the lower 
body of the body re the angle to the symphysis, as compared 


with 4°5 ina normal specimen. The vertical depth of the body 


was very slightly diminished. 

The portion of the body in front of the mental foramen was of normal 
length, but its anterior extremity corresponding to the central incisor 
was partly cartilaginous and imperfectly united with the rest of the 
bone. This is the only portion of the lower jaw which is formed 
by the ossification of Meckel’s cartilage, the greater part of the body 
of the jaw being ossified in membrane external to Meckel’s cartilage. 
The small size of the lower jaw was evidently due to the fact that 
its posterior portion is ossified in cartilage. 

Before proceeding to the examination of the other parts of the 
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skeleton, a brief reference may be made to the condition of the | 
Brain. This organ was hardened in situ, and the entire head was 
then divided by a sagittal mesial section. Fig. 2 of Plate II. isa 
drawing of the right half of part of this section, while fig. 1 on the 
same plate shows the same structures in a normal nine months’ 
foetus. A comparison of these two figures will demonstrate the fact 
that the normal relations of the brain have been considerably 
altered, these alterations being secondary to those in the skull. 

The lower part of the medulla is notably diminished in size ; this 
is probably due to the smallness of the foramen magnum. The 
medulla and pons normally extend from the foramen magnum to the 
upper edge of the dorsum sella, but in this case fully one-half of the 
pons lies above the level of the dorsum sell. The.long axis of the 
medulla and pons, which is usually directed from below upwards 
and somewhat forwards, is here inclined upwards and backwards. 

These changes were obviously due to the decrease in the length 
of the base of the skull in front of the foramen magnum. The optic 
thalami are also displaced backwards and upwards, and lie between 
the splenium of the corpus callosum above and the corpora quadri- 
gemina below. Normally these two structures are only about °3 cm. 
apart, while in our case they are separated a distance of 1:3 cm. as 
measured from the splenium to the upper extremity of the nates. 
The posterior part of the corpus callosum is pushed upwards so that. 
its antero-posterior arch is less marked than usual. The most strik- 
ing changes, however, we found in connection with the form and 
. position of the cerebellum, which is flattened from above downwards 
and backwards, so that its long axis is directed from the foramen 
magnum upwards and backwards. Associated with this, there is an 
alteration in the attachment of the tentorium and in the situation of 

the lateral sinus, while the falx cerebelli is greatly increased in 
length. The torcular Herophili is 6-3 cm. distant from the posterior 
edge of the foramen magnum, whereas it is generally about 2°5 cm. 
The lateral sinus and attachment of the tentorium cerebelli correspond 
_ to the lambdoidal suture, so that the cerebellar fossa reaches to the 
upper limit of the supra-occipital. No distension of the third or 
fourth ventricles, the aqueduct of Sylvius or the foramen of Monro, 
is seen in the mesial section ; and after the removal of one-half of the 


brain and cutting into it, the lateral ventricle was also found of the 
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normal size. In the description of several specimens of a similar 
nature to ours, hydrocephalus has been assumed to exist from the 
appearance of the vault of the dried skull in which the fontanelles 
were inereased in size. As already pointed out, we believe this con- 
dition of the vault is due to the marked diminution in the dimen- 
sions of the base of the skull, causing the brain to be displaced 
upwards, and in this way leading to the expansion of the vault. 

_ The pituitary body was examined microscopically and found 
normal. | | 

VERTEBRAL CoLtumn.—The spine does not differ in length from 
that of a normal foetus (24 cm.); it presents an abnormal curve 
forwards in its thoracic segment and an unusual degree of lordosis 
in the lumbo-sacral region ; both were found to depend on altera- 
tions in the thorax and pelvis respectively, as will be described. 

A mesial sagittal section of the spine showed (1) that the ossify- 
ing nucleus in the centre of each body was only one-half of the 
normal size, and (2) that the antero-posterior diameter of each body 
was ‘3 cm. less than the average, while'’the vertical diameter as 
already mentioned is quite normal. This is explained by the fact 
that the vertebral bodies grow in the antero-posterior diameter 
during foetal life by progressive ossification, while increase in their 
vertical diameter is dependent upon cartilaginous growth. There 
was no deficiency in the number of the osseous nuclei throughout 
the spine. The amount of central soft substance in the inter- 
vertebral discs was excessive. 

The fourth to the seventh’ dorsal vertebre inclusive os 
examined microscopically ; the appearances which they present will 
be discussed with those found in the other bones. 

THoRAXx.—The thorax, after removal of the soft parts, was found 
remarkably small and flattened, and on either side presented a 
furrow or depression along the line of junction of the ribs with their. 
cartilages. 

The diminution in the capacity of the thorax i is 8 indicated by the 
following comparative measurements— 

Greatest antero-posterior diameter, 3°6 cm. in the specimen, 5°3 in 

the normal foetus. | 

Greatest transverse diameter, 4 4 cm. in the specimen, 8 in the 

normal foetus. 
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This remarkable contraction of the chest was found to depend 
entirely upon the arrested development of the ribs; the latter are 


- less than half the normal length at birth, while the costal cartilages 
are of the full average size. 


The longest, or 7th rib, measured along the convexity 3:2 cm. in 
the specimen, 7°8 in the normal. | 

The longest, or 7th costal cartilage, measured along the convexity 
5-4 em. in the apecraes, 6 in the normal. 


The ribs are ‘iene curved, and join their cartilages at an 
angle. Externally this angular junction is responsible for the 
furrow mentioned above, while on the internal or pleural aspect it 
forms a prominent projection, like that of a rosary. 

Further, as a result of their shortness, the ribs are more horizontal 
than normal, and the costal extremity of each is slightly cupped. 

The 7th rib and its cartilage were examined microscopically ; the 
appearances observed will be afterwards referred to. 

- The sternum is of full size and is well formed; it consists 
entirely of normal hyaline cartilage, without any trace of Osseous 
nuclei. | 

The PeEtvis, like the thorax, i is remarkably comiaented in all its 
diameters, especially, however, in the conjugate at the brim, which 
is less than half of the same diameter at birth. 


Conjugate at the brim in the specimen, 1°3, in the normal 2°8 cm. 


_ The pelvis is, therefore, ieee contracted and flat. Further, 
the diminution in the size of the pelvis is shown by the fact. that 
the tip of the coccyx projects 3:1 cm. below the level of the lower 
border of the pubic symphysis, and 2 cm. below the level of the 
ischial tuberosity. 

The above alterations are entirely due to the early arrest of the 
osseous growth of the constituent elements of the ossa innominata, 
while the sacro-coccygeal portion of the spine is of the usual size and 
length, being so independently of ossification. The innominate 
bone, as examined after dehydration and clearing in naphtha, was 
found to consist almost: entirely of cartilage, the normal osseous 
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nuclei, to the number of three, having remained exceedingly small. 
In consequence of this arrest of ossification, the entire bone is 


dwarfed and sharply curved upon itself, causing the flattening and ~ 


contraction of the pelvis already referred to. The acetabular cavity 
was of normal size. 


Dimensions of innominate bone :— 


Total height from crest to tuber ischii, in the specimen 4°8, in 
the normal 6°5 cm. 

Breadth of ilium from anterior to posterior spine, in the specimen 
3°3, in the normal 4°4 cm. 


BonES OF THE ExtTREMITIES.—The various long bones, inasmuch 
as they depend for their growth in length upon a progressive car- 
tilaginous ossification during foetal as well as during extra-uterine 
life, have especially suffered from the arrest of this process. Their 


total length is, in general terms, only one-half of the normal, as can ~ 


be readily seen from the following comparative measurements :— 


| In In normal In In normal 


| specimen. fetus. specimen. _ foetus. 

‘Humerus,. . . 3°6 84cm. |Femur, ... 4 10 cm. 
1°8 ,, |Metatarsals, . . 
», | Proximal phalanges, °5 


Proximal phalanges, °8 1°2 


These measurements do not fully represent the degree of defective 
endochondral ossification, because the cartilaginous ends of the 
bones are of normal size, and the shortening is confined to the 
diaphyses. This is readily explained by the fact that the carti- 
laginous ends during foetal life increase in size by growth of 


- cartilage, while, in the case of the shafts, the increase is the result. 


of progressive ossification. 
The diaphysis is seen, from the following measurements, to be 


only about one-third of the normal length :— 


Length of diaphysis of humerus, in specimen 2°1, in normal 6 cm. 
” femur, 2°2, 9 Ty 


‘ 

# 
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In circumference the shafts are quite normal, With scarcely an 
exception the shafts present very pronounced curvatures, which are _ 
in each case an exaggeration of the normal curve of the bone. The 
humerus is abruptly curved forwards in its lower half, the radius 
and ulna are uniformly curved, with the concavity on the flexor 
aspect. The femur is bent almost to a right angle at the junction 
of the shaft with the lower end, the angle being open posteriorly. 
The tibia is uniformly convex forwards, and the fibula backwards. 
The metacarpals and metatarsals have practically no shaft; they 
possess a minute central osseous nucleus, which is almost surrounded 
by the cartilaginous ends. | 

The curvatures we have described do not appear to result, like 
those met with in rickets, from softness of the bones. The shafts 
are firm and rigid. We would suggest that they depend upon arrest 
of the cartilaginous ossification and consequent arrest of growth in 
the axial portion of the shaft, while the peripheral membranous 
ossification continues. | | 

Lastly, the secondary centres of ossification or lalate at 
the ends of long bones, which are normally present at birth, 
-e.g., in lower end of femur and Upper end of tibia, are entirely 

absent. | 

joints of the suffered in § in conse- 
quence of the alterations in the bones. They are disproportionate 
-in size, and their movements are seriously restricted by the large 
size of the cartilaginous ends of the bones over which the ligaments 
are tightly stretched. Generally speaking, all ha joints are fixed 
in the flexed position. 

The condition of the short bones of the extremities is similar to 
that of the short bones of the trunk. Those which are cartilaginous 
at birth are of normal size, e.g., carpus. Those which have a central 
osseous nucleus at birth, ¢.g., astragalus, os calcis, but which do not 
depend for their growth on ossification proceeding from the nucleus, 
are also of normal size. The central nucleus, however, is distinctly 
smaller. 

The difference between the long and short bones is well illustrated 
by a longitudinal section of the foot passing through the great toe, 
the tarsus being found of normal size, while the metatarsals and 
phalanges are extremely short. | 
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ScaPULA AND CiavicLE.—Both these bones were slightly below 


the normal size— 
Normal. 


Clavicle—total length, 3°7 4°5 
Scapula—height, 4°2 4°4 
gteatest breadth, . 23:-. 96 


M ‘croscoptcal appearances observed in the different Bones of the 
Skeleton.—After hardening in Miiller’s fluid, the bones were decaleci- 
fied in “Perenje” and embedded in paraffin. Complete sections 


were then cut with the large microtome, and mounted in approxi-. 


mate series. 

Before entering into details, we may state at once that we found 
no evidence whatsoever of any disease known to affect the foetal 
skeleton, ¢.g., syphilis, rickets. The essential lesion showed itself as 
an absence, arrest, or perversion of the normal process of endo- 
chondral ossification of the most definite and universal character 
in every element of the skeleton in which the process normally 


takes place during intrauterine life. All the peculiarities which we . 


have described in the specimen are referable to the perversion of 
ossification, and to this alone. 

In the examination of the long bones we found that complete 
sections were of great assistance, especially on comparing these with 
similar preparations of the normal nine months’ foetus. | 

‘The large cartilaginous ends consisted of normal hyaline cartilage, 
actively growing, covered by perichondri ium, and traversed by nume- 
rous large iid camels (see Plate III.). The short curved shafts 


consisted almost exclusively of periosteal bone; the periosteum 


itself being actively engaged in ossification in the usual way ; the 
surface layer beneath the membrane is less compact than is usually 
the case. From the surface layer a regular system of trabecule 
stretches right across the entire thickness of the shaft, to meet a 
similar series on the opposite side. Peripherally these trabeculz 
are closely approximated, and are for the most part parallel to each 
other. In the centre the spaces between the trabecule are larger 
and more open, and are filled with marrow; there is, however, an 
entire absence of anything in the shape of a medullary canal or 
endosteum. The process of excavation or hollowing out of the 
central core of the shaft, so evident in normal bones, is nowhere 
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present. The entire thickness is occupied by the periosteal bone, 
as described. This condition of affairs naturally presents an 
important obstacle to the development and ramification of the ~ 
medullary blood-vessels ; their extension or projection towards the 
ossifying junction at the ends of the diaphysis would be specially 
interfered with. Probably this interference with the vessels has — 
played an important part in the causation of the arrest in endo- 
chondral ossification, to be immediately described. 
The marrow itself is rich in small vessels, chiefly capillaries, while 
it is deficient in those of larger size. Further, very few giant cells 
are to be seen, and scarcely any Howships’ foveole. The periosteal 
bone is almost continuously invested by osteoblasts, At the ends 
of the shaft the periosteal diaphysis is peripherally extended so as 
to form a cup, which embraces the cartilaginous extremity and a 


small wedge-shaped mass of endochondral bone. The apex and — 
_ sides of this endochondral wedge occupy the concavity of the cup, 


while its base corresponds to the junction between it and the terminal 
cartilage (see Plate III.). | 

Although the endochondral and periosteal bone are thus in imme- 
diate contact, they are readily differentiated from each other by their 
structure and connections. The ossifying junction between the — 
endochondral bone and the terminal cartilage is in the form of an 


- irregularly curved line, concave towards the diaphysis. The endo- 


chondral bone consists of a very irregular honeycomb, made up of 


branching masses, each of which contains a core of cartilage in the 
centre; the bone is non-lamellated, and stains very intensely with 


carmine or eosine. It appears to have been formed by a direct 
conversion or metaplasia of the cartilage into bone, after the manner 


described by Kassowitz,* as occurring in the course of normal ossi- 
fication in cartilage, and similar to the process observed under 


pathological conditions in cartilage of new formation. By direct . 
conversion of cartilage into bone, we further mean to convey that 
there is an entire absence of proliferative changes, or of any activity 
whatsoever in the cartilage itself, previous to its ossification ; there 


are no parallel rows of cells, no progressive formation of medullary 


spaces by the projection of medullary blood-vessels into the carti- 


* Die Normale Ossification, Wien, 1881. 
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lage. There is an absence of vessels at the ossifying junction. The 
typical organ-pipe arrangement of structures at the ossifying junction 
is either not recognisable at all, or only here and there, and. that 
faintly. In several of the bones we further noticed that the zone 
of cartilage immediately adjoining the ossifying junction was sharply 
defined or cut off from the main mass of cartilage above it by a 
curved live or layer, in which the cartilage matrix is partially 
fibrillated, and the cells flattened and crowded together, resembling 
‘the tissue arrangement seen in perichondrium. 

The appearances described sufficiently account for the remarkable — 
external appearances of the long bones. | 

Previous observers who have examined specimens similar to that 
- under consideration, describe as characteristic, the occurrence of an 
-lotrusion from the periosteum between the diaphysis. and epiphysis, 
which interferes with the development of bone from the latter 
(Eberth, Urtel, Bode). We believe this appearance to be fallacious ; 
it is merely the result of the disproportion in size between the shaft 
and the terminal cartilage, together with the abrupt curvature of the 
shaft close to their junction. The apparent intrusion is only seen | 
at the concavity of the curve, in sections close to the surface of the 
bone. In making our serial sections of the entire bone in its long 
axis from the surface inwards, we observed that no such intrusion 
was visible when the level was reached at which stempnate sections 
were obtained. | 

The other bones were examined on similar lines ; the seventh rib, 
for example, with its cartilage, presented appearances which might 
be exactly compared to those seen in one-half of along bone; the 
_ short diaphysis of the rib consisted entirely of periosteal bone, cup- 
shaped at the costal end so as to embrace the cartilage,—a similar 
arrest of endochondral ossification being observed at the a 
junction. 

In the bodies of the vertebra, the os calcis and sateen: there 
was a complete arrest of the ossifying process at the junction of the 
small central nucleus with the surrounding cartilage ;. the bone 
already formed being for the most part metaplastic, while the 
matrow was deficient in large vessels and in giant cells. It is 
obvious that the arrest of ossification in these bones is not to be 
ascribed to a continuous and excessive formation of periosteal bone 
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without its simultaneous removal or absorption in the interior, 
which we described as the prominent feature in the dong hones. 
Nor can we ascribe the arrest to deficient vascularisation of the 
general cartilaginous mass in which the arrested nucleus is embedded, 
for the number and size of the vascular canals in the cartilage is 
quite equal to the normal. We are absolutely unable to account for 
the arrested growth in the osseous nuclei in the vertebral bodies, in 
the os calcis and astragalus, &c., and also for the complete absence 
of ossifying centres in these bones in which these are normally 
present at birth (e.g., sternum). | 

Eberth and Miiller are of opinion that the arrested development 
of endochondral bone is the result of an interference arising from an 
enormous overgrowth of the periosteal bone, while Klebs holds the 
view that the origin lies in an imperfect development of the 
medullary vessels supplied to cartilage. Wecannot accept the former, — 
because it will not hold for the arrest observed in parts of the 
skeleton, e.g., os calcis, where there is no periosteal crowth whatever, 
far less excessive growth; while as regards the latter, our examina- | 
tion of the bones does not show any imperfection in the vessels 
supplied to cartilage in bones devoid of an external periosteal crust 
(os calcis). The arteries and nerves of the extremities presented no 
_ alteration in their microscopical structure. 

Most of the published descriptions of similar specimens indicate 
that the authors are of opinion that it is a real disease of the foetus, 
instead of regarding the condition, as we do, as a simple arrest of a 
normal process. Hence many observers describe it as a foetal form 
of sporadic cretinism, others as a form of foetal rickets. From the 
latter it is readily differentiated. 

Its resemblances to rickets are onl y apparent, thus :— 

1. The open fontanelles do not indicate hydrocephalus as 
has been assumed, but are simply due to the enlarge- 
ment of the vertex com pensatory to the contraction of 
the base. 

2. The contracted chest, the external furrow at the costi- 
chondral junctions, the apparent rosary, are not due to 
rachitic changes, but to the shortness of the mbs from 
arrest of ossification ; the short ribs joining the long carti- 

lages at an angle. 
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3. The contracted and flat pelvis is not due to softness of the 
bones, but simply and solely to arrested growth of the | 
innominate bones. 

4, The large size of the ends of the isis bones is only 

_ apparent ; their measurements are the same as the ends of 
normal bones. 

5. The curvatures of the long bones are not the result of any 
softening, but due to arrest of the central cartilaginous 
srowth and progressive periosteal growth from the peri- 
phery inwards. The curves, moreover, are all “exaggera- 
tions of the normal curves. 

6. The histological changes at the ossifying junctions of the 
long bones are strikingly different from those seen in 
rickets, 

The membrane bones whieh participate 1 in processes 
are quite normal. 

8, There is not such a thing as a microscopical record of a pro- 

: gressing foetal rickets, hence its occurrence only rests 
conjecture. 

The question whether it is, or is not, a foetal form of cretinism is 
less easily disposed of, chiefly because we really know so very little 
about cretinism. In the published description of what is called 
sporadic cretinism, the most striking lesion appears to be a pre- 
mature arrest of endochondral ossification occurring during infancy 
or childhood, like that we have here described as having taken 
_ place during the early months of intra-uterine life. Further, certain 
abnormalities of the thyroid have been met with in the former; and 
in our specimen there are distinctly abnormal changes in the same 
organ, consisting in proliferation and desquamation of the alveolar 
epithelium, together with an extraordinary fulness and distension 
the blood-vessels. 

‘With reference to the causation of the lesion, we do not ae 
the assault received by the mother during the sixth month of her | 
‘pregnancy as of any etiological importance, in virtue of the evident 
fact that the arrest of development occurred at a much earlier period. 
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EXPLAN ATION OF PLATES. 


PLATE I. 
Risscdnaies from a photograph of the foetus as seen nes behind. 


PLATE II. 


Fig. 1. v.m. section of base of skull and adjacent brain of a normal nine 


months’ foetus—natural size; B.O., basi-occipital ; B.S., basi-sphenoid ; p.s., 


; 8.0., supra-occipital ; c.g., crista galli; m., medulla oblongata ; 


. pons varolli; ¢.g., corpora quadrigemina; ¢.c., corpus callosum; 0.N., 


| pe nerve; c., mesial lobe of cerebellum; c’., lateral lobe of cerebellum ; : 


f.C., falx cerebelli ; T.H., torcular Herophili. 

Fig. 2. v.m. section of corresponding region of specimen; 0.7’, os tri- 
basilare, representing the three nuclei, B.0., B.S., and P.S., seen in fig. 1. 
Other lettering as in fig. 1. 


PLATE III. 


Longitudinal section of right fibnlax6. .4.4., cartilaginous extremities 
traversed by vascular canals ; B., periosteal bone constituting the greater part 
of the diaphysis ; C.CsC.C., peripheral prolongation of periosteal bone em- 
bracing cartilaginous D..D., wedge-shaped masses of endochondral 


bone. 
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On the Blood of the Invertebrata. By Dr A. B. Griffiths, 
F.RS.E., F.C.S., &e. 


(Read 1st June 1891.) 


I. The Gases of the Blood.—As very little is known concerning the 
composition and nature of the gases in the blood of the Jnvertebrata, 
the following notes may be of some value. 

The author has ascertained the approximate composition of the 
gases in the blood of certain Invertebrate animals. The apparatus 
used for this purpose was that of Gautier slightly modified (fig. 1) ; 


and the method allows the collection of the blood in vacuo (from 


the time of leaving the vein, &c.) without any alteration in its 
composition. The glass receiver ACD (left-hand figure), in which 
the vacuum is made, has a canula E fastened to its lower end. The 
canula is drawn ont into a fine capillary point, which is pushed 
into the artery, vein, or under the hypodermis, as the case may be. 
_ After introducing the canula into the blood system, the tap B is 
opened and the blood rises into the receiver. The gases are 


evolved almost immediately, and by means of the pump they 


are collected over mercury in the tube ab, where their composition 
is ascertained. | 

After the introduction of the blood into he receiver the tap B is 
turned off; the receiver is then attached to the pump. Before 
opening the tap A, the receiver is placed in a bath of water heated 
to about 40°C. The heat assists in the liberation of the gases from 
the blood. Coagulation is prevented by previously introducing a 
small quantity of sodium chloride into the receiver (z.¢., before the 
introduction of the blood).* : 


The pump and pneumatic trough do not require description, as 


they are of the usual kind. The volume of the mixed gases collected 


in ab having been ascertained, the percentage of each gas is 
estimated by the ordinary methods of gas analysis. The carbonic 


* The liberation of carbonic anhydride is accelerated by previously intro- ° 


ducing into the receiver a small quantity of a hot solution of tartaric acid. 


| 
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anhydride is absorbed by potash, the oxygen by pyrogallic acid, 
whilst the amount of nitrogen is represented by what remains. 


(a) Blood of Sepia officinalis. 


100 volusies of the blood of the cuttle-fish contained the follow- 


ing volumes of the three gases—the volumes being reduced to 0° C. 
and 760 mm. :— 


Oxygen, . | 18-26 | 12°91 | 18°14 | 14°62 | 14:21 | 14°34 
Carbonicanhydride,' 30°12 | 81:21 | “82°10 | 30°14 | 29°12 | 29-89 
Nitrogen, 1:60 | 2:00 | 151 | 1:41 1°73] 1-28 


The nitrogen is simply dissolved in the blood, but the oxygen 
and carbonic anhydride are partly dissolved, and partly in a state 
of loose chemical combination with certain constituents of the blood. 


. The oxygen with the hemocyanin; and possibly the greater part 3 


of the carbonic anhydride 1 is united to certain salts contained in the 
blood. 


(b) Blood of Cancer pagurus. 


The blood was obtained from very large individuals, by opening — 


the carapace and passing the capillary _ of the canula — 
the heart. 


100 volumes of the blood yielded the following volumes of 


oxygen, carbonic anhydride, and nitrogen, after being reduced to 
0° C. and 760 mm. :— 


I 

| Oxygen, . 1479 | 14°88 | 14:96 | 14:85 
Carbonic anhydride, 28°62 | 27:21 | 27:14 | 28-39 
Nitrogen, 101 | 1:20 |. 1°30 
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(c) Blood of Palinurus vulgaris. 
100 volumes of the blood of this animal gave the following 
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results :— 

II. Ill. IV. 
Oxygen, . 14°62 | 14°71 | 14:29 | 14:76 
Carbonic anhydride, 30°00 | 29°62 | 28°92 | 29°79 
Nitrogen, 1°82 1°60 1°20 1°34 


(d) Blood of Homarus vulgaris. 


100 volumes of the blood obtained from several large lobsters 


yielded the following results :— 


IT. III. 

| Oxygen, | 1499 | 14°81 | 14°85 
Carbonic anhydride, 31°11 | 28°84 | 29-26 

| Nitrogen, | 1°76 1°82 1°85 

(e) Blood of Octopus vulgaris. 
100 volumes of the blood yielded the following results :— | 

I. I]. ITT. 

Oxygen, 13°33 | 13-28 | 13-65 
Carbonic anhydride, 30°23 | 31°29 | 31°22 
Nitrogen, 1-45 | 1:30 | 1-29 


(f) Blood of Acherontia atropos. 


100 volumes of the blood of the larve of aaa moth yielded the 


following results :— 


. 
% 
— 
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Oxygen, 16°21 16°79 
Carbonic anhydride, 32°92 34°24 
Nitrogen, 1°09 1°98 


It may be stated that the oxygen and carbonic anhydride in the 
blood of the Invertebrata do not behave according to the law of 
- Dalton (the law of partial pressures) in regard to the absorption of 
a mixture of gases by a simple fluid. A portion of each gas 
” combines chemically with some constituent or constituents of the 
blood. It was Magnus (Poggendorff’s Annalen, vol. xl. p. 583) 
who first demonstrated that the carbonic anhydride and oxygen of 
the Vertebrate blood did not obey the law of Dalton ; and the same 
is true concerning the gases of the blood of the Invertebrata. — 
II. The Mineral Matter in the Blood.—The percentages of saline 
matter contained in the blood of various Invertebrates is given in 


I | IL | IL. |Average. 
Helix pomatia, . 1:065 | 1°072 | 1:069 | 1:068 
¢2 3 | Helix aspersa, . | 1°080 1°062 | 1:077 
Limneus stagnalis, . 1-200 | 1°203 | 3-210 | 1:204 
Limax flavus, . 1122 | 1-100 | 1-115 1-112 
Limax naxinus, 1°119 | 1°127 | 17114 | 1°120 
( Buccinwm undatum, . 1699 1:710 | 1°698 | 1:702 
33.3 J Patella vulgata, | | 1°721 | 1°719 | 1°715 
| Anodonta cygnea, 1°002 0°998 1°006 | 1:002 
5 \ Mytilus edulis, . | 1:796 | 1-799 | 1-810 | 1:801 
2-3 Sepia officinalis, | | 2°862° | 2-851 | 2-851 
3 || Octopus vulgaris, 3°004 | 3°082 | 3:020 | 


- The author has also submitted to analysis the ashes of the blood 
of several .Invertebrate animals. The ashes were obtained by 
incinerating the blood, partially covered, in a platinum dish at a 
very low temperature. By so doing the alkaline metals are not 
volatilised as they are when a high temperature is used. The 
following results represent the averages of three analyses in each 
case :— 


A 
| 


1890-91.] Dr Griffiths on the Blood of the Invertebrata. 298 
Cancer \Carcinus| Astacus \Palinurus| Homarus 
pagurus.| menas. fluviatilis.) vulgaris. | vulgaris. 

Copper oxide (CuO), .| 0°22] 0-19 0°20 018 | 0:18 
Iron oxide (Fe,0s), trace. | trace. trace. 
Lime (CaO), 3°55 3°57 3°58 3°79 3°54 
Magnesia (MgO), 1°91 1°89 1°88 1°90 1°89 
Potash (K, 0), 4°97 4°78 4°82 4°92 4°77 
Soda (Na,0), ; 43°90 | 44°91 | 44°96 43°98 44°99 
Phosphoric acid (P,0;), 4°90 4°86 | 4°81 4°87 4°84 
Sulphuric acid (805), ‘ 2°90 2°81 2°75 2°86 2°81 
Chlorine, . | 37°65 | 36°98 | 37°00 37°50 36 ‘96 
100°00 | 99°99 | 100°00 | 100°00 99°98 
Anodonta| Mytilus; Pinna Sepia | Octopus 
cygnea. | edulis. \squamosa.| officinalis.| vulgaris. 
oxide 0°23 | 0°22 trace. 0°24 0°21 
anganese oxide O14 
mo... trace, 0°19 | 
Iron oxide (Fe,03), trace. 
Lime (CaO), ; 3°61 3°72 3°70 2°31 2°40 
Magnesia (MgO), 1°82 1°86 1°83 1°51 | 1°55 
Potash (K,O), . 4-90 4°80 4°86 4°92 4°90 
Soda (Na,O), . 44°18 43°90 | 44°02 | 45°40 | 45°31 
Phosphoric acid (P 0s), 4°89 4°82 4°79: 4°90 4°88 
Sulphuric acid ($03) 2°76 2°73 2°81 2°83 
Chlorine, 37 ‘55 37°92 | 37°88 37°90 | 87°92 
99°98 | 100°00 | 100°00 | 99°99 | 100°00 


There is no doubt, from the above analyses, that copper ¢ plays 
an important part in the blood of the Jnvertebrata; in fact it 
plays a similar dle to iron in the blood of the higher Vertebrata.t} 

In the majority of the Invertebrata the carrier of oxygen to the 
tissues is hemocyanin§ contained in the blood; but in many of 
the Annelida, as well as in nearly all Vertebrates, the transport: 
of oxygen from the surrounding medium (air or water) to the 

living tissues is made by means of the hemoglobin of ‘the blood. 


* Detected by the spectroscope. 


+ See Dr Griffiths’ paper in Chemical News, vol. 48, p. 37; ia Journal 
— Chemical Society, 1884, p. 94. 
t In Pinna squamosa, the copper is replaced by caine. 
§ Fredericq in Archives de Zoologie Expérimentale, 1878 ; see also his book 
La Lutte pour V Existence, p. 84. 
VOL. XVIII. 1/8/91 
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This substance (as is well known) forms an oxygenised combina- 
tion which is very unstable, and which is carried by the blood 
across the tissues of the animal, and is there dissociated, yielding 
_ its oxygen to the elements of those tissues which require it. 
Professor Ray Lankester discovered that in some of the Annelida 
the hemoglobin is replaced by a green-colouring matter—chloro- 
cruorin ; but in the majority of these animals hemoglobin is present, 


which the author has proved to be similar in composition to that 


present in the higher animals. Concerning this point, the author 
obtained the blood of 500 earthworms (Lumbricus terrestris) which 
was treated with benzene. The mixture (in solution) was allowed 
to stand for twenty-four“hours at 0° C., when it separated into two 
distinct layers. The one containing the colouring matter was now 


separated from the other; and about one-sixth its volume of pure 


absolute alcohol was added. After filtration the alcoholic extract 
was exposed to —12° C., when red crystals were obtained. These 
crystals yielded the following results on analysis :— 


Blood of Lumbricus. 

| | Blood of 
Dog. 

Carbon, . 53°91 53°86 52°85 
Hydrogen, . 7°02 7:10 7°32 
Nitrogen, . 16°17 
Sulphur, 0°41 0°37 pegs 0°39 
Iron, . 0°43 
Oxygen, 21°84 


The above analyses prove » that the colouring matter of the blood 


of Lumbricus is comparable chemically to that of a Vertebrate. 


animal—like the dog. The spectrum of this colouring matter is 
identical with that of Vertebrate hemoglobin. 
Although hemoglobin is present in the blood of certain Inverte- 


brates, the chief constituent in the blood of the majority of these © 


animals is hemocyanin—a compound analogous to hemoglobin, but 
containing copper instead of iron.*. 


. Concerning the coagulation of the blood of certain Invertebrates, the 
reader is referred to the important paper by Drs J. B. Haycraft and E, W. 
Carlier in the Proc. Roy. Soc. Edin., vol. xv., p. 423, 
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A New Ship for the Study of the Sea. By His Serene 
Highness the Prince of Monaco. 


(Read July 15, 1891.) 


I had wished to render my visit to your country, which has 
always been in such sympathy with natural science, more interesting 
by the presence of a new scientific instrument—of a ship con- 
structed entirely for scientific research ; but, in spite of the best 
of wills, I have, after proceeding for several hours on the way to 
Edinburgh, been obliged to return to the Thames, in order to allow 
the builders to finish their work, in which they are sasaseacesiic 
in arrear. 


But it would have been very painful for me to give up this visit 


_ which promised me so much satisfaction, and I have come even. 


without my ship to speak to you about her and to claim in 
advance your sympathy with its future work. 

It is to do honour to Oceanography,—of that science whose field 
has only just begun to open itself to investigation,—-that your society, 


one of the highest in the scientific world, has assembled to-day. 


And what is Oceanography? This is a question which, at the 
present time, may reasonably be asked by anyone of ordinary 
education, but it is one which will soon appear as strange as would 


be “What is Geography?” Yet Oceanography constitutes this 
most important department of Physiography, because it includes 


the study of the immense realm of the waters, with all the secrets 
which it can disclose to us of the past of our planet and of the 
conditions of its formation, while at the same time it can enlighten 
us on many points of its future. In fact this science includes in its 


programme the questions of the formation of the solid layers which, 
slowly deposited at the bottom of the ocean during thousands of 


centuries, are preparing under our eyes future continents; unless our 


earth be now too old to react as of old, when the material accumu- 


lated in the depths of its seas raised itself into subaerial mountains 
with all its fossil inhabitants, the faithful guardians of the secret of 


_ the great problem of the origin of life. 


ax 
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To establish the laws of Oceanography it is necessary to know 
the temperature, the motion, the chemical constitution, the density, 
and the zoology of the waters of the ocean at all depths. It is 
necessary to borrow a little from all the natural sciences. It is thus 
that Peter the Great appears to have first broken ground in the 
science, by having soundings made in the Baltic, the White Sea, 
and the Sea of Azof. Soon afterwards it was your countryman, 
James Cook, who, amongst the first, engaged in oceanographical 
research in one of his great voyages on board the “ Resolution.” 

As is usual in the early stages of all sciences, the means at 
disposal were of the most primitive kind, and until your magnifi- 
cent “Challenger” expedition, the observations collected in the 
course of numerous voyages, indicate much good will, without 
offering any of the precision or continuity of accurate observation, 
which are expected of the scientific observations of our time. 

But the minds of the men who made these early observations 
gradually acquired a certain sagacity due to the contemplation of 
nature in the open, which it is difficult to acquire within the four 
walls of a laboratory, and without which great discoveries often 

It is thus that the great Darwin returned from his long voyage 
in the “Beagle” absorbed in the conceptions from which sprang the 
theories which threw a light on the scientific world as unexpected 
as would the rising of the sun in a new part of the horizon. | 

Nowadays the scientific men who forsake their laboratories for 
the open air are many, but the organisation of a scientific oceanic 
expedition is not easy. Sometimes the captain of the ship is not 
enough of a mar of science to understand what science demands — 
and to devote himself with the necessary zeal to it, he executes 

coldly the orders which he has received; sometimes it is the 
scientific men on board who are not sufficiently acquainted with 
the sea and life on board ship to be able to utilise their time to the 
best advantage of their scientific work. Owing to these causes, also, 
' difficulties often arise between the captain and the scientific 
observers. Further, the keeping up of millions of men, the manu- 
facture of hundred ton guns, and the launching of ironclads and 
torpedo vessels, do not leave much room in the budgets of most 
nations for intellectual work or for the labour of men who would 
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willingly devote themselves to the best interests of their fellow- 
men. | 

It was consequent on such reflections that, some seven or eight — 
years ago, I undertook the mission which lay before me, because I 
was at once a sailor and devoted to science. The only means at 
my disposal, a sailing schooner of two hundred tons, was unfortu- 

nately much too restricted for the realisation of the enterprises 
which I dreamt of. But what can we not achieve when we are on 
the path of good and our whole heart isin it? 

The “ Hirondelle” was supplied in 1886 with several hemp ropes 
of different sizes for sounding and dredging and with a deep-sea 
trawl similar to that of the “Blake,” and with a large iron pot — 
and various sounding leads, With this material, worked by the 
_ arms of the crew, I made soundings, temperature observations, and 
dredgings in the Gulf of Gascony, down to a depth of five hundred 
metres. But the labour of these operations was considerable, and 
the crew were sometimes kept at the capstan for four hours at a 
time. And as the weather of that year was very bad there were 
series of twenty-five days during which it was impossible to leave 
off one’s oil skins, for the trawl could be worked even in a heavy 
sea. In the intervals of work the 900 metres of dredge rope of the 
trawl, hardened by the water, and coiled all round the deck of 
the little schooner, rose like an oval wall above the heads of the 
men, who, always in the best of spirits, never murmured at the 
work, and even showed much intelligent curiosity in the results. — 

In the following years my working gear was much improved by 
the use of steel wire for sounding and dredging purposes, as also by 
the use of a special winch, still, unfortunately, worked only by the 
muscular exertions of my crew, and I was able to rectify many 
deficiencies in my methods of work; aided also by that will of 
success, which is the firmest support of workers, I succeeded in 
carrying my researches to a depth of 3000 metres round the Azores 
and off Newfoundland. But then, perfected in their training and 
stimulated by a certain pride, my crew worked as long as twenty 
hours at a stretch in dredging in 2800 metres. A pot similar to one 
which I had lost in moderate depths in 1886, when used with 
handier material, gave me magnificent results in depths of as much 
as 2000 metres, but this was always accompanied by very hard 
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work and continual calls on the imagination to surmount unfore- 
seen difficulties as they arose. 

During these expeditions, which extended over three years, I 
made experiments on the direction and velocity of the great surface 
currents of the Northern Atlantic, by means of 1700 specially loaded. 
floats, which were thrown overboard in three distinct regions be- 
tween Europe and America. 

The results of these expeditions are being gradually published, 
and they show that the work done in the “ Hirondelle” will leave a 
definite mark in the history of the science. 

Zoology gains several hundreds of new species and genera spread 
over all its branches, as well as fresh knowledge about the geo- 
graphical and bathymetrical distribution of certain animals ; and — 
this is due principally to the fact that I have applied systemati- 
cally all the means of research at my disposal to one and the same 
region. | 

Oceanography will very shortly be enriched by a chart of the 
surface currents which I am preparing with the data furnished by 
the 224 floats which have been picked up out of the 1700 thrown 
over during my experiments. We have here a er on a 
reduced scale of this work which I am just finishing. 

On this subject I shall confine myself to-day to pointing out that, 
possessing exact and authentic information on the positions of 
departure and arrival of a great number of these floats, which have 
come at first directly, and sometimes in numbers at a time, towards 
certain points of the coasts of Europe, I have been able during the 
‘six years which have passed to follow their successive appearances 
_ from the north of Sweden to the Canary Islands, then their return 
towards America, and even from some already, the repetition of this — 
cycle. And thanks to these data which all afford mutual support, 
I have been able to construct my chart under conditions of exacti- 
tude which make of it an experimental document worthy of complete 
confidence as regards the general direction and the mean velocity of 
the currents of the North Atlantic. But if I remind you of these 
things to-day, it is to direct your attention to the fact that many of — 
the privileged of fortune might easily contribute to the civilisation 
of humanity by elevating its intellectual power, if they would bring 
themselves into touch with the great efforts of science. The vast 
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domain of the sea is full of mysteries which the work of man will 
surely penetrate, and the collection of observations which enable 
savants to advance along this path would be a noble aim in the 
life of many people who weary themselves in the abundance of their. 
goods, and wear themselves out in their uselessness. 

To-day I am able to realise the plans which I have dreamed of 
so often, when, each year, during months of struggle with the sea, 
I could perceive treasures for science without the power of securing 
them. And I should have rejoiced to bring before you, the 
initiators of the great efforts made in this line, the god-parents of 
the Challenger, to bring before you my ship, the ‘‘ Princesse Alice,” 
the work of my waking thoughts and of my devotion to science. 
The Messrs Green of Blackwall, who have built her, may be proud 
of their work, and their skill has ener ome me in the 
realisation of my ideas. 

The yacht “ Princesse Alice” has a displacement of 650 tons, ma 
I have only fitted her with auxiliary steam power in order to 
reserve as much space as possible for the arrangements necessary 
- for engaging in serious scientific work, combined with the wants 


of social family life. Nevertheless, the engine-room is sufficiently 
_ large to accommodate various apparatus, which ‘are thus under the 


management of one engineer; they are—a dynamo, an ammonia 
freezing-machine, and a water-still. 

The dynamo supplies 100 lamps of 16-candle power for interior 
lighting, three 100-candle power lamps for lighting the deck when 
work is being carried on during the night, and a search light of 
10,000 candles for illuminating the sea when work is being carried 
on in boats, and for picking up buoys. | 

The freezing-machine has several uses. By means of the 
liquefaction of ammonia gas, it produces a very low temperature, — 
which is directly communicated to a liquid which does not freeze 
at this temperature, a brine which is then conveyed in tubes to 
the refrigerating chamber. This receptacle can contain several 
moulds of different forms and sizes to receive the objects which, for 
anatomical, histological, or zoological purposes, it may be wished to — 
freeze, in order to protect them from the damage inseparable from 
the chemical processes at present in use. Once frozen, these objects. 
will be placed in a cold chamber, kept at a temperature near that of 
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congelation by the refrigerating liquid which circulates in a coil of 
pipes close to the roof of the chamber. | 

The refrigerating chamber is placed in the central laboratory ; the 
cold chamber is immediately below in the hold, where it occupies 
a space of about five cubic metres. A branch pipe takes the 
refrigerating liquid to the laboratory tables, to be used in delicate 
biological experiments. On the other hand, the cold chamber is 
large enough to accommodate a part of the ship’s provisigns. 
The water-still is a “ Yaryan” apparatus, very simple and powerful 
_ for its size, which furnishes 24 tons of fresh water per twenty: four 
hours for use in the boilers and the laboratories, 
_ Several steam-engines are to be found at different selet in the 
ship; a winch for working the dredge ropes and lighter lines for 
temperature and other observations is fixed to the deck in front of 
the foremast, and can lift 6 tons to a height of 1 metre in a second. 
A sounding-machine, which I have constructed on new ideas is 
fixed in front of the mizzen-mast ; it acts automatically, and can 
indicate any depth to be found in the sea. 
A large reel with two drums works in the hold. It carries on 
one side 6000 metres of cable in one length, to which a reserve of 
4000 metres of stronger cable is ready to be joined for very great 
depths. On the other side there are 5000 metres of cable, divided 
into lengths of 500 metres. 


The first will be used for dredging, the second for sending down 


pots, and generally for operations which require the apparatus used — 


to remain at the bottom of the sea for a time, while the cable is 


buoyed. Finally, there is another small double reel, which is very 
light, and carries pieces of cable varying from 100 to 500 metres in 


length, which are used for small operations, for which it would be 
useless or inconvenient to use longer pieces. 


To summarise, the actual equipment of the ship allows of sounding : 
everywhere, dredging in 8000 metres, and laying out pots or other — 


apparatus on the bottom at depths se to 6000 metres without the 
least difficulty. 


The stoke-hold is arranged in a way suitable to the equi ipment 


of the ship. It contains two boilers, a small and a large one. The 


first is used to drive the auxiliary machines (winch, dynamo, &c.), 
and when applied to the main engines can drive the ship three 


. 
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knots per hour; the second, along with the first, gives a speed of 
nine knots. Thus the ship can be economically steamed slowly while 
work is being’ carried on, and she can also be worked under sail 
_when the wind permits. 


The products of the scientific work are distributed amongst three 
laboratories, as follows :— 

The materials as sallasted are received in a laboratory situated on 
deck abaft the mainmast, and communicating by a lift with the 
central laboratory immediately below, and the lift descends as far as 
the cold chamber in the hold. After a first picking over, for the 
elimination of useless matter, the zoological material is sent to the 
central laboratory, and the oceanographical material to a third labora- 
tory in the after part of the ship, which is devoted to chemistry and 
physics. These laboratories are lighted by large scuttle lights, and 
the arrangement of the tables allows of four or five persons working 
at each of them without interfering with one another. Like the 
rest of the ship, they are heated by steam on a special system. As 
to the general service of the ship, it is arranged according to what 
modern progress has recognised as most useful and most practical. 

I do not think that one ought to carry too far an analysis or | 
other delicate observations during the voyage. The movement and 
the noise, however subdued they may be, are a cause of constant 
disturbance ; on the other hand, one would have to have exceptional 
power over one’s mind, to be able to arrest it in the exciting moments 
of a general investigation, whilst other experiments, of an engrossing 
character, were being carried on without interruption, on the largest 
scale and with full power of the ship. _ 

To follow out under these conditions any profound idea does not 
seem to me to be an easy matter, and I think that it ought to be 
one’s chief object, during the work at sea, to make the best arrange- 
ments for collecting a great number of facts at the most favourable 
moments, and for noting all the details which strike the eye and 
the mind. It is thus that a painter makes a study from nature, 
which afterwards becomes a masterpiece, when the impressions he 
has received have matured in the silence of the studio. 

And now I regret that I must terminate this communication to 
the Royal Society very differently from what was originally my 
intention, viz, without being able to invite you to visit the 
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new ship which I should have been proud to show to men such as 
Sir William Thomson, John Murray, Buchanan, Buchan, and to 
- the intelligent cultivators of science who fill this room. I could 
then have justified the flattering reception which you are giving me ; 
but in the hope of repeating at a later date, and under perfectly 
satisfactory conditions, this visit to the scientific representatives of 
Edinburgh, who will form the best judges of my future work, I 
_ thank you cordially for your very kind attention. Bs 


e - 
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The Hlectric Resistance of Cobalt at High Tempera- 
tures. By Professor Cargill G. Knott, D.Sc., F.R.S.E. 
(With a Diagram. 


(Read July 6, 1891.) 


The manner in which the electric resistance of cobalt varies with 
high temperatures does not seem to have been studied with any 
great care. The peculiar behaviour of iron and nickel as regards 
their change of resistance with temperature is now well known.* 
With a view to discover if cobalt presented any similar peculiarity, 
I set Mr Omori, one of the physical students in the Imperial Uni- 
- versity, Japan, to investigate the question. The chief results are 
embodied in the present short paper. 

The piece of cobalt used was cut from a sheet of rolled soiati 
which had been given me by Professor Tait. Dr E. Divers, F.R.S., 
very kindly determined its composition by analysis of a small 
quantity (about 20 grains) supplied to him. The result of the 
analysis is as follows :— 


Carbon found, .  . per cent. 


with a minute quantity of manganese and perhaps +}, per cent, of a 
metal undetermined. The carbon might be as much as 1 per cent. 
Dr Divers regarded the cobalt as of remarkable purity for a furnace 
product. 

The experiments now to be described were carried out in J anuary 
and February of 1890. The method was essentially the same as 
that used in my earlier investigations on nickel. Four stout copper 
rods, 60 cm. long, 0°7 square cm. cross-section, were fixed in a 
vertical position some little distance apart. Their lower extremities 

were joined in pairs by two coiled wires, one of which was a 


* See my paper ‘‘On the Electric Resistance of Nickel at High Tempera- 
tures,” Trans, Roy. Soc. Edin., vol. xxxiii., 1886. 
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specimen of platinum wire and the other the cobalt strip that 
was the special object of investigation. The upper extremities 
of the rods were joined by stout copper strips to a commutator 
connected to a Wheatstone Bridge resistance-box of ordinary con- 
struction. | 

In one series of experiments the lower ends of the rods with their 
connecting wires were dipped in a vessel of oil which could be 
heated up to a temperature of 240°C. A thermometer, centrally 
placed so that its bulb lay at the mean level of the platinum and 
cobalt coils, was used for measuring the temperature. The oii was 
heated very gradually and was kept briskly stirred until a few ‘ 
seconds before a reading was to be taken. One of the wires was 
meanwhile thrown into the Wheatstone Bridge, and the resistance 
adjusted slightly in advance. The temperature was then allowed 
to rise very slowly until reversal of the commutator in the galvano- 
meter branch gave no deflection. When the equilibrium was thus — 
attained the thermometer reading was noted. In this experiment 
chief attention was given to the cobalt; a few measurements of 
resistance were made with the platinum, sufficient to give the most 
important temperature coefficient. 

The resistance curves for the cobalt and the platinum are shown 
in the diagram, Nos. 1 and 2. All corrections have been carefally | 
applied and the resistances are in legal ohms, 

_ By interpolation amongst a number of contiguous measure- 
ments, the resistances ‘corresponding to the temperatures 100°, 
140°, 180°, and 220° C. were calculated. They are given in 


Table I., together with the measured resistance at. the tempera- 
ture of the air. 


TABLE L.—Resistance of a Cobalt Strip in Legal Ohms at 
Different Temperatures. 


Temperature. | Resistance. First Diff. Ratio. 
75C. (009604 
100 112840 | 01354 1°1097 
140 138694 
"01516 ~1°1109 
180 16210 01649 1'1084 
220 *16859 
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Since the second differences have appreciably different values, it 
is impossible to represent the law of change by means of a parabolic 
function. But the remarkable constancy of the ratios of successive 
pairs of resistances suggests an exponential function of the tem- 
perature as the expression for the resistance. 

_ Thus we may put, 


r= ae 
from which we find, if ¢ is the temperature in degrees centigrade, 
002605 a= 09511 


According to this formula, which strictly applies only to tempera- 
tures above 100°, the resistance at 7°°5 should be "09698, almost 
exactly 1 per cent. too high. 
In the paper already referred to, I found that the same form — 
of expression held very approximately for the case of one of the 
nickel wires, the only essential difference being in the value 
of k, which for nickel was ‘003. The resistance of cobalt there- 
fore does not change so quickly with wee, nama as does the 
resistance of nickel. 

In the second series of experiments, the Lene ends of the rods, 
with their connecting wires, were inserted into a porcelain vessel. 
Asbestos was wrapped round the wires; and the whole was heated © 
in a charcoal furnace. The observations of resistance were made 
as the system was cooling, the cobalt and platinum being thrown 
alternately into the Wheatstone Bridge. The instants at which - 
the balancings were effected were carefully noted, so that it was 
an easy matter to interpolate between two successive measurements ~ 

for the one wire that resistance which corresponded to the inter- — 

mediate measurement for the other wire. In this way, for every — 
measured cobalt resistance, the corresponding resistance of platinum 
was calculated by a simple interpolation. After all corrections 
were applied, every resistance was divided by the resistance of 
the same wire at 7° C. By this treatment the results of the 
four different experiments were reduced to identically the same 
condition, so that direct comparison was possible. 

Each single experiment contained from 20 to 30 distinct pairs 
of measurements. These numbers were then classified into groups, 
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and by a rigorous process of interpolation, the cobalt resistances 
corresponding to assumed values of the platinum resistances were _ 
calculated. These are the numbers given in Table II, which 
epitomises the results of the four distinct experiments, The first 
column contains the platinum resistances, taken as convenient 
multiples of the resistance at 7° C., measured after the experiment. 
These virtually serve as a temperature scale. The other columns 
give in order the corresponding resistances of the cobalt, likewise — 
all expressed in terms of the cobalt resistance at 7° C., measured 
after each experiment, | 


II. 
Cobalt Resistances. 
Platinum | 
Resistances | 

‘ | Experiment _ Experiment | Experiment | Experiment 

I. IT. Ill. 
2°0 5°8047 5°7996 59748 | 6°0361 
1°8 4°5101 4°3423 4°4511 4°4580 
1°6 3°1822 3°0536 3°0932 3°2216 
1°4 2°2029 2°1795 2°1111 2°2602 
1°5329 1°5337 15050 
1°0 1°0000 1:0000 1°0000 1°0000 


If we assume that the changes in the platinum resistance follow 
the same law as in the earlier experiment with the oil, the rise 
of temperature, which will just double the resistance, is about 
680° C.; and the interval from 1 to 1:2 may be taken as: 
corresponding to a rise of temperature of 136° C. According to 
the experiment in oil, this rise of temperature would have increased 
the resistance of the cobalt in the ratio 1-425 to unity. It is 
apparent then, that under the influence of the first excessive 
heating, the cobalt has been considerably altered in its properties, 
so that the average temperature coefficient for resistance up to 
150° C. has been increased by a quarter. The only other pos- 
sible explanation of this discrepancy is that the corrections to be 
applied for the resistances of the connections or contacts may 
have been underestimated in the second series of experiments, 
or overestimated in the first. There could, however, be no doubt 
as to the resistances of the connections, which were the same in 
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all experiments, and were measured with great care. If again 
the resistances of the contacts had changed to any great extent, 
this would declare itself in the measured resistances at 7° C. made 
before and after the first severe heating. In Table IIL. these 
measured resistances, corrected for connections, are given. They 
were all made at 7° C., except the first pair (taken immediately 
before the first heating), for which the temperature was 7°°5 C. 


TABLE III, 
Resistance in Legal Ohms of 
When measured. 
Platinum. |. Cobalt. 

°8525 "09724 Before 1st heating. 
85028 09135 After ist ,, 
85013 09674 
*85232 "09978 » 4th ,, 


The fall in resistance after the first heating is probably due to 
some change in the contact resistances—decrease evidently. But 
even if this were large enough to sensibly affect the second sig- 
nificant figure in the calculated value of the temperature coefficient, 
its effect would be to diminish this coefficient. Consequently, 
we must accept the conclusion that the first excessive heating has 
profoundly influenced the qualities of cobalt as regards its change 
of resistance with temperature. | 
Table III. shows us also that whereas the platinum resistance 
at. 7° C. has not been changed at all by the second heating, and 
only slightly by the third, the cobalt resistance goes on steadily 
increasing. After the experiments were completed, the cobalt was 
indeed found to be much altered by oxidation. It had become 
exceedingly brittle, and broke into small pieces when it was being 
detached from the copper rods, This steady deterioration in condi- 
tion of the cobalt explains the inferiority in point of regularity of 
the third and especially the fourth experiment, t as ecunpared with 
the first and second. 
It is matter of surprise that, in spite of the great alteration in 
structure taking place in the cobalt strip, the general behaviour of 
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the cobalt, as shown in the first three experiments, is essentially 
the same. This is well shown by tabulating the rates of change 
themselves, These quantities were calculated from the observa- 
tions by the same general method of interpolation as was used in 
calculating the numbers of Table I. They are given in Table IV., 
of which the first column contains the platinum resistances to 
which the tabulated rates of change correspond. 


TaBLe LV. 


| Rates of Change of Cobalt Resistance per Unit Change of 


Pl Platinum Resistance. 
Resistance (or 
ee Experiment | Experiment | Experiment | Experiment 

2:0 7°02 7°30 10°33 9°15 
1°8 6°19 | 7°24 6°74 5°09 
1°6 5°45 5°57 6°63 610 
1°4 3°76 3°66 


[have thought it sufficient to give the condensed numerical — 

results as contained in Tables I., II., and IV. The individual ob- 
servations upon which these results are based are entered graphi- 
cally in the diagram. Curves 1 and 2 have already been mentioned. 
They show the march of resistance with temperature as measured 
on a mercurial centigrade thermometer. In curve 3, the platinum 
resistances are the abscisse, and the ordinates are the corresponding 
cobalt resistances. The points belonging to the various expertmente 
are distinguished by special mark. 

In one particular, cobalt resembles iron and nickel in its behaviour. 
There is a rapid increase in the steepness of the curve at higher 
temperatures. In iron and nickel, however, this rapid increase is 
followed at still higher temperatures by a distinct decrease, the 
curves bending so as to present a concavity towards the temperature 
axis. Neither Table IV. nor the curves give any hint of such a 
tendency in cobalt. It will be seen that Experiments I. and II. 
are in fair agreement throughout; and that all four experiments 
point to the existence of a critical temperature at which the re- 
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sistance begins to increase rapidly with rise of temperature. This 
critical temperature is about the stage 1°5, which corresponds ap- 
proximately to 350° C. The phenomenon may be broadly stated 
in these terms. Between temperatures 400° C. and 700° C. the 
resistance of a cobalt strip increases on the average at a rate 


nearly twice as great as the average rate of increase between 0° 
and 300° C. 


to 
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The Thermoelectric Positions of Cobalt and Bismuth. 
By Professor Cargill G. Knott, D.Sc. F.RS.E. 


(Read July 6, 1891.) 


So far as I know, the only satisfactory determination of the 
position of the cobalt line on the thermoelectric diagram was made 
by Professor Tait’s students in the Physical Laboratory of Edinburgh 
University some fifteen years ago. The position of the cobalt line, 
so found, was given along with the positions of certain alloys in a 
paper by Professor J. Gordon MacGregor and myself, published in 
the Zransactions of the Royal Society of Edinburgh, vol. xxviii. 
(1878). The particular specimen of cobalt used in these early 
experiments was a short rod obtained by electrolytic decomposition. 
The noteworthy facts regarding its thermoelectric line were that it 
lay below nickel on the diagram, and that its inclination to the lead 
line was much greater han the inclinations of the iron and nickel 
lines. 


As a laboratory exercise, I gave to Mr Sawada, one of our students 


of physics, the task of studying the thermoelectric properties of the 


cobalt described in the preceding paper on electric resistance. The 
plan adopted was to form a multiple are of palladium and bismuth, 
and, by proper adjustment of the resistances in these branches, to 
obtain an intermediate line which should cut through the cobalt line 
at temperatures within easy reach, 


Such an intermediate line passes through the neutral point of the 


component metals. It divides the region between their lines so that 


any transversal is cut into portions which are directly as the resist- — 


ances in the branches of the multiple arc. Thus, by varying the 
ratio of the resistances in these branches, we may sweep through 


the region between the two corresponding diagram lines, interpolat- _ 


ing, so to speak, any intermediate line suitable for our purpose. 
The extreme accuracy with which we can measure electric resistance 


enables us to fix the position of this intermediate line as accurately 


as the positions of the component lines are known. 
In the present case, the low position of cobalt on the diagram 
very much circumscribed the choice of metals for the multiple are. 


roe 
— 
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Bismuth had to be one of them, as it alone was known to lie below 
cobalt. The other metal fixed upon was palladium, a substance 
convenient in every way. Its diagram line is straight up to high 
temperatures ; and its character does not perceptibly change even 
after severe heatings. Unfortunately, however, the use of bismuth 
limited the investigation to moderate temperatures only. 

The bismuth was broken up into small pieces, which were packed | 
tightly into the bore of a siphon-shaped glass tube. Gentle heating 
in a Bunsen flame sufficed to melt the metal, which ran together and 
solidified on cooling into a fairly uniform rod. The junction wires” 
were fused into the ends of the bismuth rod. 

As finally set up, the apparatus consisted of a triple cobalt 
palladium bismuth junction dipping in oil. ‘This formed the “hot 
junction.” Resistance boxes were included in the. palladium and 
bismuth branches. Because of the magnitude of the thermoelectric 
forces between these three metals and copper, great precaution was 
necessary in keeping the various cold junctions at the same tem- 
perature. The palladium branch always contained 100 ohms resist- 
ance ; and the bismuth branch never contained less than 200. For 
each of the seven selected ratios of resistance, a careful series of 
thermoelectric observations was made. A delicate high-resistance 

galvanometer was used; and the temperatures were measured by a 
- mercurial thermometer. The electromotive forces between the 
cobalt and each intermediate “equivalent metal” were in this way 
measured directly. From these the thermoelectric powers at chosen 
temperatures could be calculated. But one of these equivalent metals 
was palladium itself, obtained by making the resistance of the 
bismuth branch infinite. Thus, by a simple process of subtraction, 
we obtained the thermoelectric powers between palladium and all 
the others. These quantities, calculated for 0° and 100° C., are 
given in the following table. The symbols Bi, Co, Pd stand for the 
metals bismuth, cobalt, and palladium respectively. The various 
equivalent metals are represented by the symbol Pd Bi,, where the 
number 7 represents the ratio of the resistances in the bismuth and 
palladium branches. Thus Pd Bi, means that, since the palladium 
branch always contained 100 ohms, the bismuth branch contained 
in this case 200 ohms. The electromotive forces, from which these 
values were calculated, were measured in microvolts. 
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Thermoelectric Powers referred to Palladium. 


‘Metal. 


Thermoelectric 


Power at Neutral Point © 
with Cobalt. 
0° C. 100° C. 
7°00 17°31 
598 | 646 | -10°4C. 

9°38 9°96 +24°°5 
14°45 14°69 74°°1 
17°44 17°44 101°°4 
21°73 22°13 148°°9 
29°10 29°55. 224°:0 
86°0. 


The numbers in the last row have been calculated from the 
numbers in all the six Pd Bi rows. For if p is the thermoelectric: - 
power between Pd and Bi, and p, the same Leapiabas Pd and Pd Bi, 
we know that | 
| 
or 

p=(n+ 

Thus, from the six sets of values corresponding to p, we obtain 

the following values for p at 0° C. and 100° C. :— 


p at 0° C. 100°C. 
90-4 
9 84°4 
6 86°7 88°1 
5 87°2 
4 86-9 88°5 
3 87°3 88°7 
Means, . . 86:0 0°38 88°8 


This table is obviously an indication of the accuracy of the 
experiment. | 

And now, referring everything to the lead -line, aud | expressing 
the thermoelectric power in the form 


p=A+DBt, 


| 
| 
| 
| 
| 
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we obtain for the coefficients A and B. the following values :-— 


A 
Lead, . ‘ 0 0 
Palladium, . — 6°18 — 3°55 
Cobalt, —13°18 —13°9 


According to the numbers deduced by Fleeming Jenkin from 
Matthiesen’s experiments, bismuth lies four times further from 
lead than does cobalt. Here we have it seven times. Professor 
Tait’s electrolytically-deposited cobalt lies four and a half times 
further from lead than does palladium. Here we have it a little 
over two times. According to Becquerel’s numbers, given at the 
end of the English translation of Mascart and Joubert’s Electricity 
and Magnetism, the ratio at 50° C. of the thermoelectric powers of 
palladium and bismuth relatively to lead is as 7 to 40. Here we 
have it 1 to 16. : 


These discrepancies are not surprising. We know* how variable 


are the thermoelectric properties of stable alloys intended to have 


the same composition,. and how a very slight change in composition — 


may be accompanied by a very large change in _ thermoelectric 


quality. The present experiments must therefore be judged of 


altogether on their own merits. Now, a simple comparison shows 
that Professor Tait’s electrolytically deposited cobalt will fit in to 
the region between lead and bismuth very much as Matthiesen’s 


cobalt fits in to his own series. Thus the cobalt investigated here 


seems to differ from the other specimens in much the same way. 
The new cobalt, indeed, has its diagram line at ordinary atmos- 
pheric temperatures above the line of Tait’s nickel, for which 

= —21°'8. This unexpected result was at once tested. A rough 
experiment was made with a nickel cobalt couple, and a neutral 
point was obtained at a moderately low temperature. The cobalt 
line, therefore, begins above the nickel line, but because of its 


sreater downward inclination gets below it at temperatures above 
100° C. 


* See the paper by MacGregor and eae already referred to; also my paper 
on ‘‘ The Electrical Properties of Hydrogenised Palladium” (7’rans. Roy. Soe. 
Edin., vol. xxxiii., 1886). 
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As regards the inclination of the cobalt line, the present result 
agrees as well with the earlier result as could reasonably be ex- 
pected with two quite different specimens of the metal. Thus, 
expressed in the same units, the thermoelectric power of Tait’s 
electrolytically-deposited cobalt is 


p= — -0:116¢, 
while for the present specimen 


With the exception of the sharp upward bend in nickel, this 
gives the — inclination yet obtained for a thermoelectric 
line. 

The downward trend and comparatively large inclination of the 
bismuth line are also worthy of note. Because of the position of 
the line, as a whole, lying far below the lines of all other metals, 
this large inclination does not greatly influence the electromotive 
forces, so that with bismuth couples the electromotive force is very 
approximately proportional to the temperature. ‘This fact, of | 
course, prevents us from making a very accurate determination of 
the coefficient B, which in the present experiment has a large pro- 
bable error. The mean value is a little larger than that indicated 
by Battelli’s direct measurements of the Thomson effect in bis- 
muth.* 

Righi has shown ft that the electric resistance of bismuth | is 
altered in a strong magnetic field. To find if any thermoelectric 
~ change accompanied magnetisation of bismuth, a bismuth palladium 
couple was set up between the poles of a powerful electromagnet. 
No effect whatever was observed, although the arrangement (slightly 
modified) was sensitive enough to show with great ease the thermo- 
magnetic effect discovered by v. Ettingshausen and Nernst.t 


* See Wied. Beibl., vol. xi., 1887. + See Wied. Beibl., vol, viii., 1884. 
Sos Wied. Ann., vol. xxix., 1886. 
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On the Effect of Longitudinal Magnetisation on the 
Interior Volume of Iron and Nickel Tubes. By 
Professor Cargill G. Knott, D.Sc, F.R.S.E. 


(Read July 20, 1891.) 


The following results in magnetic strains are, so far as I am 
aware, new. They supplement in an interesting way Joule’s old — 
result of no change of volume in an iron rod when it is magnetised. 
What is given here is only preliminary, and suggests many lines of 
research which I hope to be able to follow out later. 

_ The broad fact established is, that the internal capacity of certain | 
iron and nickel tubes alters appreciably when the tubes are 
magnetised longitudinally. The tubes were 34°8 cm. long, and 
were all about 3 cm. external diameter. One iron tube had an 
internal diameter of 1 cm., and another of 2 cm. These I shall call. 
A, and A, respectively. A, represents the third iron tube, whose 
wall was about 1 mm. thick. The nickel tube (B) had its wall 0°3 
mm. thick. When experimented with, each tube was tightly corked 
at both ends, and through the one cork a fine capillary glass tube 
projected. The tube was filled with alcohol coloured with cochineal. 
The changes of volume were measured by the movement of the . 
end of the liquid column in the capillary tube. This was viewed 
through a microscope. A movement in the tube through a distance 
equal to one division of the microscope micrometer meant a change 
of volume of 7°2x10-° cub. cm. | 

As an example, take the case of A,, the small bored iron tube, in 
a field of 250. The sudden outward movement of the liquid 
meniscus showed a total compression (change per unit volume) of 
21x 10-" in the region inside the tube. But we know that in this 
field ordinary wrought iron lengthens ; and in virtue of this lengthen- 
ing the internal volume will be increased. It is clear, then, that 
the transverse contraction of the walls of the tube has overbalanced 
the longitudinal extension. If A » represent the elongations parallel 
to and perpendicular to the axis of the tube along the inner surface 
of the bore, the dilatation will beA +2. Now, in field 250 Bidwell 


P . 
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finds \= +5 x 10-7; hence at once w= —13x10-%, I give a few 
results for the different tubes in various fields. - 


In Field 50. 
Tube | A+ | 
; observed. Bidwell. calculated. 
~1:84x 10-7 +10x10-7 ~ 10-7 
A, ~5°6x 10-7 
In Field 125. 
A, ~66x10-7 | 4+18x10-7 ~12°3x 10-7 
A, —-13°2x10-7 
In Field 250. 
Tube. A | 
-21 x10-7 |  +45%10-7 x10-7 


Unfortunately I possessed no nickel tubes shaped like the iron 
ones, so had to content myself in the meantime with a thin walled 
tube formed by rolling up a sheet of ordinary commercial nickel to 
the convenient size. The results for this tube were of great interest. 
Up to a field of 50, the compression of the inside space varied 
uniformly with the field, the dilatation being given by the formula 


A+2u= 10~-°H, 
where H is the longitudinal field. Now Bidwell’s results give up to 
the same e field the following expression for A :— 


= -18 x 10-°H. 
Hence 


p= +8-1x 


4 


| 
| 
| 


obtained :— 
Field. A+2u r 
60 ~9°7x10-7 ~100x 10-7 + 45°7 x 10-7 
240 ,, —-190 ,, + 97 

| | | 
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For fields higher than 50 the following remarkable results were 


Thus, for the iron tubes, the transverse contraction always exceeds 
the longitudinal extension, so that there is on the whole a diminution 
of the internal space. There is evidence of the contraction attaining 
a maximum, which, in the case of the thinner walled tubes (A, and > 
A,), occurs in a field not far removed from the field which produces 


the maximum extension. 


For the nickel tube, the transverse expansion differs so slightly 
from the longitudinal contraction, that the change of volume of the 
internal space, though of the same order of quantity as the correspond- 
ing change in the iron tubes, is a very small fraction indeed of the 
change that would result from the longitudinal contraction acting 
alone. In low fields, the longitudinal contraction overbalances the 
transverse expansion, causing a compression. This compression 
reaches a maximum about field 60, and then falls off first slowly, 
then more rapidly. About 140 it. becomes zero, and changes 
sign in higher fields. In field 260 a very distinct dilatation is 
produced about equal to the maximum compression obtained in 
field 60. The rapid changes of temperature of the liquid in the 
heart of the magnetising coil, when the high currents were used, 
made accurate measurements of the changes of volume impossible ; 
but there was no doubt as to the fact of the change of sign in the. 
compression when the field was taken high enough. 

It should be mentioned that, in an experiment with a glass tube 
substituted for the iron or nickel tube, no effect was produced ; so 
that the alcohol itself was uninfluenced by the magnetising force. 
An experiment was also tried with a current of seven amperes passed 
along the iron tubes, so as to cause a circular magnetisation of the 
outer circumference. No change of volume was observed, however, 
probably because of the comparative smallness of the fields involved. 
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On some Relations between Magnetism and Twist. Parts 
By Cargill G. Knott, D.Sc. Edin. F.RS.E., 
Professor of Physics, Imperial University, Tokyo, Japan. 


_ (Read June Ist, 1891.) 


(Abstract.) 


Part II. contains a continuation of former experiments on the 
twists produced in the magnetic metals when they are under the 
combined influence of circular and longitudinal magnetisations. 

It is estublished that a cobalt rod of rectangular section twists 
left-handedly when a current is passed along it in the direction of 
magnetisation. That is, cobalt behaves like nickel. Iron, on the 
other hand, twists right-handedly, until very high fields are 
--employed. These results seem to have a close connection with the 
magnetic changes of length in these metals; for iron expands in 
moderate fields, while nickel and cobalt contract, the former always, 
and the latter till high fields are reached. | 

‘In the case of nickel an evident maximum twist is obtained for 
intermediate values of field. The occurrence of this maximum 
finds a ready explanation in terms of the theory suggested. 

In all cases the amount of twist produced by reversing one of the — 
magnetising forces depends on which one is reversed. Generally 
_ the twist is greater when the longitudinal field is reversed than 
when the current along the wire is reversed. For low fields in the 
case of iron and nickel it is, however, the current reversal that pro- 
duces the greatest twist. These various phenomena give very 
instructive illustrations of the magnetic after-effect or hysteresis. 

In Part I. an expression was given for the twist in terms of the 
elongations in a thin walled tube of given radius, under the com- 
bined influence of given circular and longitudinal magnetisations. 
From the observed maximum twists in iron and nickel wires now 
given, a comparison is made between the elongation coefficients 
which enter into the formula for the tubes of equal diameter. The 
comparison is in remarkable accordance with the direct comparison 
of elongations as furnished by Mr Bidwell’s measurements. 

Part III. contains a discussion of the magnetic consequences of 
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twisting a magnetised wire, more especially a wire magnetised 
circularly by a current passing along it. The peculiar manner in 
which the magnetic change sometimes lags behind the stress, some- 
times shoots ahead of it, is fully investigated. This magnetic 
“lagging” or “priming” is found to depend upon the strength of 
the current, upon the amount of twist, and upon the amount and 
degree of tapping to which the wire is subjected. 

The longitudinal polarity acquired by a current-bearing wire when 
it is twisted is relatively very high as compared with the probable 
intensity induced at the circumference of the wire. Further, the 
longitudinal intensity so acquired is reversed, more or less com- 
pletely, when the current is reversed. These facts are not easily 
explained in terms of the usual theory of magnetic xolotropy, or 
in terms of any simple hypothesis of rotatable molecules. They 
rather hint at the existence of complex molecular groupings, which 
assume new configurations under the mercer of a changing stress 
or a changing magnetic force. : 
Certain experiments on the effect of slightly twisting a wire, 
which by superposed magnetisms has been reduced to an apparently 7 
demagnetised condition, show how easy it is to destroy the apparent 
magnetic balance. There is a strong suggestion that a magnetised 
wire may, under certain circumstances, consist of alternating layers 
of opposite polarities. Any mechanical stress which acts differently 
on these different layers will almost, as a matter of course, power- 
fully affect the average resultant action which is measured on the 
magnetometer. 

From the experiments recorded in the paper, and from the experi- 
ments of other investigators into the complex relations of magnetism — 
and twist, the general conclusion may be drawn that the first effect 
of a shearing stress upon the molecular groupings is not only to | 
_ inerease the average intensity in the direction of the magnetising 
force, but also to bring into prominence a otcanes J high intensity 
in directions at right thereto. 


| 
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On the Gravimetric Composition of Water. A Preliminary 
Communication. By W. Dittmar. 


(Read February 3, 1890.) 


On the strength of Dumas’ famous Recherche sur la Composition 
de  Eau,* and adopting the great master’s own interpretatien of his 
results, all chemists, until lately, agreed in assigning to the atomic — 
weight of oxygen the value O=16 (H=1); and it is on the 
strength chiefly of the same experiments that many of us now hold 
that O = 15:96 is a closer approximation to the truth! 

In these circumstances it surely is worth while to look into 
Dumas’ work with the help of critical experiments, and try to see 
whether he was not right in thinking that—all his great efforts 
notwithstanding—the difference lies within the influence of his 
-method-errors ; the more so, as all these errors (as far as one can see | 
without experimenting) tend to raise the experimentally ascertained — 
value of the ratio H : O above its true value. | 

I accordingly, some time ago, caused my private assistant, Mr : 
Henderson, to join me in this inquiry, and, thanks to his youthful 
energy and indefatigability, we have already made considerable pro- 

gress in our work, and hope before long to lay a complete account 
of it before the Society. Meanwhile, I content myself with stating 
that we have succeeded in so modifying Dumas’ modus operandi as 
to give a higher degree of constancy to the weighings, and to reduce 
the trouble and loss of time involved to far less than it was with 
the original form of the method. 

The principal object of the present notice, however, is to direct 
attention to an oversight which Dumas made himself guilty of, and 
which, as far as I am aware, has never been noticed before. What 
I allude to is that Dumas, while weighing his oxygen (virtually) in 
vacuo, weighs his water in air, and forgets to reduce this latter weight 
to the vacuum. 

That the correvtion tells very considerably upon the calculated 
weight of the hydrogen a very little reflection is sufficient to show ; 


| * Ann. Chim. Phys. (8), vol. viii. p. 189. 


1890-91.] Mr W. Dittmar on Composition of Water. 321 


| 
_ I prefer to give at once the results of my recalculation of Dumas’ 


experiments, and apply the correction to the most “ probable value” 
as calculated by me. 

In his tabular statement of results Dumas gives, in the case of 
each of his nineteen experiments, two values for what he calls the 
“equivalent of hydrogen” (the term with him meaning the weight | 
of hydrogen which combines with 10,000 parts of oxygen into 
water)—viz., firstly, the value as calculated from the uncorrected 
weights of water and oxygen ; and, secondly, the ‘equivalent * as 
corrected for the air in the sulphuric acid” (used for the evolution 
of the hydrogen from zinc). For reasons, which will be stated 
in the memoir, I have left these corrected values on one side, and 
recalculated and reduced only the “ equivalents bruts.” | 

Taking S as a symbol for the weight of oxygen consumed in a 
given experiment, and W for the uncorrected weight of water pro- 
duced, I formed the equations 


W, - 48, 


and solved the nineteen equations in respect to s—firstly, in the way 
which reduces the algebraic sum of all the errors 8 to nil; and, 
secondly, so as to reduce the sum of the squares of the errors 8 to 
its minimum. The first method ors k= 1° 125 43; the second 
gave k=1:125 47. 

The two values, as we see, are practically identical. Adopting 
the second, it may be read as stating that 1000 grammes of oxygen 
take up hydrogen to form a quantity of water whose apparent 
weight in air is 1125°47 grammes. But, assuming the air to have 
the density corresponding to 15° and 760 mm. (which probably is not 
‘far removed from the air-density which actually. prevailed during 
Dumas’ work), the air displaced by the water amounts to 1:38 
grammes ; hence we have, in reference to any given quantum of 
water, the following relative values for the weights of 


* As already pointed out oe Lothar Meyer and Seubert, Danas table of 
results includes quite a number of misprints. These, however, are all Mey 
discovered, and set right without much fear of error. 


W, -4S,=8, 
W, - 48, = 
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Oxygen. Hydrogen. Water. 
0:126 85 1:126 85 
8 10148 =“H” 


15767=“0” 2=-H,” 


The results of our own work enable me to say that the true value 
of “H” (O=16) is probably not quite so high as 1-0148, but it is 
higher than the 10024 demanded by the customary O= 15-96.” 

I venture to hope that the publication of this notice will cause 
those chemists who hitherto (after having become convinced that 
O:H is less than 16) have persisted in referring their atomic 
weights to H=1, will give up this absurd practice, and, like other | 
people, adopt O=16 as their standard. The sixteenth part of the 
atomic weight of oxygen, surely, is as good a unit as one could 
‘desire to have. 
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Investigation of the Action of Nicol’s Polarising 
Eye-Piece. By E. Sang, Esq. (With a Plate.) 


(Read February 20, 1837.) 


The first announcement of the construction of this important 

instrument appeared almost paradoxical: a piece of calcareous spar 
was to be cut in two, the surfaces of the section polished, and then 
reunited by help of Canada Balsam: and it seemed strange that 
from such an operation there should have resulted any change in 
the optical properties of the mass. Even now that the instrument 
has been in use for some time, the true nature of its performance — 
is often misunderstood ; while no investigation has been made public, 
the object of which is to enquire into the laws of the action, and into 
the circumstances which determine the peculiar forms of the parts. 
_ This investigation necessarily involves operations belonging to the 
higher branches of algebra and geometry; but this is not to be 
wondered. at, when physical science has reached such a degree of 
development as to exhibit many of the laws of its phenomena. 

Before proceeding with the strict investigation, it may be con- 
venient to take a general review of the modifications which light 
undergoes in its transit through the instrument ; as by that proceed- 
ing we shall be better prepared for seizing the full import of the 
analytic results. Let, then, ABCD represent the prime section of 


Fig. 1. 


the eye-piece, BD the thin film of balsam inserted between the 
halves, and EF a ray of light incident on the surface AD: that 
ray will be refracted in two pencils, FH that submitted to the 
ordinary, Fz that to the extraordinary, law. Were the rhomb 
entire these rays would again suffer refraction at the surface BC, 
and would emerge in directions HI, Az parallel to the incident ray : 


A B 
D C 
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the same thing would happen were the surfaces BD in optical 
contact, that is, were they united by a substance having its index 
- of refraction greater than or equal to the greater of the two indices 
for calcareous spar. But the index for Canada Balsam is less than 
that for carbonate of lime, and on this account the rays may not 
proceed uninfluenced. 

If, indeed, the ray FG fall very obliquely on the surface of the 
varnish it may be totally reflected, no portion of it passing into the 
second wedge DBC. So it may also happen with the ray Fg; but 
as the two rays fall with different obliquities on the varnish, their 
limits of total reflection are different, and between these, the extra- 
ordinary light alone will find a passage. 

The ray E,F falls at such an angle that the wttiaie pencil would 
barely suffer total reflection, while the extraordinary pencil would 
not. Any ray incident between the directions AF and E,F would 
transmit both its pencils through the whole instrument. The ray 
i,F, on the other hand, is so placed that both of its pencils suffer 


total reflection ; and, hence, all rays within the angle E,FE, will — 


transmit to the eye only that. portion which has experienced the 
extraordinary refraction, while no ray incident in the angle E,FD 
wil! send any light through. | 

Such is the true action of the polarising eye-piece: it hans not 


depend, as has been thought, on the separation of the images, for 


in truth there is never more than one image formed, and the virtual 
place of that image is not affected by the film of balsam. The 
perfection of its action depends on the magnitude of the angle E,FF,, 
which magnitude regulates the extent of the field of view; and on 


the transmitted light passing without being at all. deflected in 


its path. For the attainment of the latter object, the surfaces AD, 


BC must be so placed that a ray of extraordinary light, passing in 


the interior parallel to the sides AB, may not suffer refraction in 
escaping at either surface. By this arrangement the light proceeds 
from the object to the eye, so that the first and last portions of its 
path are not only parallel to each other, but actually in one straight 


line. If this adjustment be not effected, there is created a parallax — 


similar to that occasioned by the transmission of light obliquely 
through a thick plate of glass: that parallax affecting the apparent 
positions of near, but not those of distant, objects, 
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The removal of this. parallax is not altogether a matter of 
necessity, it is one rather of convenience, for by turning on the 
ends of the containing box circles parallel to each other, but on 
different axes, the inconvenience of the parallax would be entirely 
removed —the adjustment, however, of these axes would be 
troublesome. | 

The tendency of Iceland Spar to split in planes parallel to the 
faces of the primitive form renders almost unavoidable the employ- 
- ment of rhombs whose lengths are parallel to the arétes of that 
form, economy in the amount of material being nearly as important — 
_as a maximum extent of field. : 
Regarding, then, the positions of the lines AB as determined by 

the cleavage, and those of AD by the condition of rectilineal trans- 
- mission, there remains only to be determined the inclination of the 
plate DB of balsam. This inclination may be determined by 
_ attending to one or other of two conditions. Either we may 80 
place this plate as to give the greatest angular field of view; or we 
may so fix it that the verges of that field are equally iniclined to 
the direction AB: practically the latter consideration is the more 
important. It will, then, be proper, before attempting the enquiry 
into the best possible form of the instrument, having regard neither 
to the economy of the material nor to the introduction of parallax, 
first to determine the form which it ought to have — influenced 
by these restrictions. 

The first thing to be determined is the angle ADC, which the 
- diagonal AD of the end of the rhomb makes with the aréte of the | 
primitive form. Adopting the results of the elaborate investiga- 
tions of M. Malus, let (fig. 2) the whole crystal be imagined to 
occupy the point O. Suppose that KOL is the direction of the 
axis of crystallisation, and ON that of the aréte of the primitive 
form, and also of that portion of the ray which is interior to the — 
crystal. Describe from O, as a centre, a sphere with the radius OM 
-=unit, to represent the progress of a luminous pulse in air, and 
the interior ellipsoide with its semi-axes 604 and ‘673 to represent 
the luminous pulse in the interior of calcareous spar. 

In order to place the refracting surface OP in such a position 
that the pencil of extraordinary light may not be bent, we must 
apply tangent planes at the points M and N, and continue these 
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planes until they meet in the line P; the plane passing through 
this line P and the point O is parallel to the required refracting 
surface. . For the determination then of the angle POM, which is 
supplementary to ADC of fig. 1, we only require the operations of 
ordinary trigonometry. Taking the inclination of the faces of 
calcareous spar at 105°..05’, as determined by the observations of 
Wollaston and Malus, we find the angle LOM, which the axis 
makes with the aréte, to be 63°..44’.. 46”, and not as Malus has 
it, 66°..44'..46", 


Log cot 52°..32'..30” =9'884 3264 
Log J3 = 5606 
Log cos 63°.. 44’.. 45”%=9°645 7658 


This error of three degrees committed by M. Malus seems to have 
_ run throughout his work, and thus throws considerable uncertainty 
on his determination of the refractive indices. __ 

Denoting this angle LOM by A, and the semi-axes 604, 673 by 
a, 8, the equation of the plane MP is 

or | 
weosXt+ysindX=1. . . . . (MP); 
while that of the plane NP is 


1 


| 
or since 
af cos d aBsindr 
~ sin A2 + B? cos A2) sin +P? cosd?)’ 
a8 
a2 B? sin A? + cos 
that is, | 
x cos sind ,/(a? sin A? + COs (NP) 


- Hence, as the line P is common to both of these planes, we obtain 
by elimination _ 
He! sin A? + B? cos A) 
Yp SM A=B 
-a+ ,/(a? sin A? + £? cos A?) 
a? 


Lp cosAX=a 


> 
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from which equations we deduce the value of the tangent of the 
angle LOP, 


from which we obtain the numerical value 
supp. LOP=41°..14’.. 13}” (say 14”) ; 
whence, by adding the angle LOM, we obtain 5 
MOQ=104°..58'..594” Say 
ADC (fig. 1)=104 ..59. 


Now, the inclination of the aréte to the face of the primitive 
rhomb is 109°.. 08’, so that, in forming an eye-piece, the ends must 
be inclined 4°. . 09’ less than the natural face is. 

This result is opposed to the instructions given by Mr Nicol in 
his first description of the instrument: he directs that the obliquity 
be increased, whereas we have found that it must be diminished 
4°; and, indeed, on inspection of those eye-pieces which have been 
made agreeably to his instructions, it will be found that the ray of 
light proceeding in the interior of the crystal parallel to the aréte 
suffers refraction at each surface, and that: the ray which does not 
suffer refraction passes in a direction intermediate between the line 
of the aréte and the diagonal joining the two obtuse corners. 

Having now determined this element of the artificial rhomb, 
there remains for me the solution of another question. It is this : 
To place the plate of balsam so that the extent of field may be 


placed equally on each side of the line of sight. For this, a new 


element enters into the investigation ; the refractive power of the 
balsam. 


Let OR represent ‘the direction of the plate of cement, and. 
measure off OR to represent the velocity of light in that medium ; 


the limiting directions of the two pencils will be thus obtained. 

First, for the ordinary ray ; describe a sphere round O with the 
radius a, and from R apply to that sphere the tangent plane Rs, 
_ meeting the surface OP in the line ¢; then from that line apply a 
plane touching the sphere pertaining to the air in the point «, Ow 
is the direction of that external ray, of which the ordinary pencil 
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just suffers total reflection at the surface of the balsam ; this is one 
of the boundaries of the field of view. 
Again, from the same point R apply the plane RST sda the 

-spheroide in 8, and cutting the surface OP in T; the tangent plane 
TU will give the direction of OU the limiting extraordinary ray. 

The question is to place OR, so that the angle UOw may be 
bisected by the line OM. 

For the analytic solution of this problem we have only to go into 
detail with the investigation for extraordinary light; since the 
insertion of B=a in any formula for that species of light will give 
the corresponding formula for ordinary light. | : 

Denote the angle LOP by p, the required angle LOR by », and 
the velocity of light in Canada Balsam Pd y: then are the co- 
ordinates of the point R 


= COS ; Yr=ysinv. 


But the equation of a plane — through R, and —- the 
spheroide, is 


= 9277 + Bx 
or | ‘ 


+y4 a” sin $ y cos v sins? + BP cosy? - 


= y(a? sin v? + cos 


From the inspection of the figure it is clear that 
tq = sec POU.cos pp 
Yn = See POU.sin p 


which vine inserted in the above equation of the tangent plane 
give, after reduction, and - a’, 


COS COS V cos(u— v) + ysin (u—v), (<reoss? ) 
cos POU = | 


y(a? + vos v*) 


The supposition @=a, «=0 in this formula will give the value 
of the cosine of the limiting angle for ordinary light; thus 


Baty + + — 028?)} | 
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ay 
The object is to find a value of vy which would give 
POU +POu=2(u—2), 
which would be accomplished by resolving the equation 


sin POU + sin POw 
‘cos POU +.cos POw’ 


tan (w—A)= 


but the labour attending the exhibition and direct resolution of this 
equation would be enormous. I have, therefore, preferred the method 
of approximation. . 

In making this sppiuiianlon we derive a guide from the last 
term of the numerator of cosPOU ; which becomes imaginary when 


2 
¢ cos, v? is less than the known quantity By -y¥’). This limit, 


which gives (v)=57°.. 55’, corresponds . the intersection of the 
ellipse with a circle ‘me with the radius OR. 

I, therefore, assumed three values of y, or rather of pe—v, and com- 
puted thence the corresponding values of POU, eas and of the 
error }(POU + FOs) (4 —A), as under 


p- POU POu Exror 

85° 53°..45'..46” 80°. 04’..56” 40°. 46” 
90 48..45..46 83..00..21 50..35..13 8..13..13 
95 43..45..46 86..48..08 60..03..04 - 1..35..24 


where the extent of field (POU - POu) is observed to decrease, the 
greatest possible extent of field being obtained when v has the 
limiting value : but then this convenience of a large field is counter- 
acted by having it unsymmetrically placed in reference to the line 
of sight ; as well as by the necessity of using a very long rhomb 
which would give another limit to the extent of view. 
| Computing, by the ordinary method, from these three results, 
that value of vy which may give no error, we find v= 42°.. 33’..00”; a 
- but this is only an approximation. Computing from it the value of | 
the error, we find . 


POU =87°..52’..39”; POu=62°,.14'.. 39”, 


— 
a 
} 
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giving an crror of +2’..39”, from which we infer 


. field = 25°.. 40’. 
{fy} =42 ..34..58 7 


This value of POR, 96°.. 11’, differs by six degrees from the deter- 
mination of Mr Nicol ; but as the surface according to that gentleman 
is inclined by seven degrees to the position assigned by theory, it 
follows that the value of v, or the position of the plate of balsam in 
reference to the axis of the crystal, is nearly the same in his instru- 
ment, as by the above determination. | 

If, indeed, an eye-piece, constructed according to the directions of 
the inventor, be placed so that the light from any object pass in 
the interior parallel to the length of the rhomb, that object will be 
found considerably nearer the limit of the sists than that of 
the extraordinary light. 

The above angles are sufficient to guide the operator in the con- 
struction of the eye- piece. But it is to be remarked that the advan- 
tages sought in this construction do not balance the disadvantage 
of a diminished field ; and that Mr Nicol’s dimensions are preferable. 

Having now seine the investigation of the best form for a 
rhomb whose faces are obtained by cleavage, I shall proceed to 
investigate the absolutely best form independent of that considera- 

In strictness, this investigation ought to be founded on the above 
values of POU, POw. It ought to include the solution of the 
equation 

POU + POu= 2(4-A). 


The aa of that equation determined, the value of POU - POu 


should be thence deduced. Then the maximum value of that field ~~ 


ought to be sought, » and A being the primary variables. _ 
Or if the condition of non-refraction of the line of sight be — 
included, ~ becomes a function of A, and hence the differentiation 
becomes monome. This investigation however is, on account of its 
complexity, almost impracticable: for it I shall substitute another. 
Instead of seeking the maximum separation of the limiting rays 
exterior to the rhomb, I shall seek for that position of the plate of 
balsam which gives the greatest internal divergence, which depends 


4 
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simply on a, B, y; after it is determined it will then be proper to | 
enquire, what position of the ends of the rhomb will give symmetry 
in the placing of the field of view. | 
We must, then, determine the position of OR so that the angle 
SOs may be a maximum. Nov, it is obvious that the angle ROs 


is constant, having for its cosine the ratio -: and thus we have to 


seek only for that position of OR which gives ROS a minimum or 
a maximum. 

ROS will, in the particular state of matters, be a minimum, 
actually zero, when OR is a semi-diameter of the ellipse, that is, 
when (v)=57°..55'; but if ROS be greater than ROs, SOs will 
be the excess ROS—ROs, and we must then seek for ROS a 

maximum, not a minimum, se | | 

The equation of a plane touching the ellipse of S is 


Ys¥ 
and since that plane must pass through R— 


a's R R 1 
from which equation, and the equation of the spheroide, we may 
determine 2s, ys, the ordinates of the point of sontaet, 


ay, + Bap 


= "Yn (a? + — 0°B?), 
+ 


vs = 


in which, substituting for vp, yp their values, we obtain | 


a2 B? sinv ,/f{ sin y? + cos v2) 


a? sin + B? cos v? 
B® o2sinv tcosv ./{y*(a? sin v? + B? cos v*) — a2B?} 
a? sin v? + B? cos v? 
whence 


LOs= 2sinytcosy (a2 sin v2 + cos v2) - 


4 
- 
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Now, ROS is the difference between LOS and v, so that when ROS 
is minimum or maximum 6ROS = éy; that is, since SROS(sec ROS)? 


=6tan ROS | 
dv(sec ROS)? =6. tan ROS. 
| 222 
+ B@cos v? — | =N, 
| sin v + ByN | 
cos v ayN sin v’ 
whence 


a. sin v)? 
and 
o\ON 
Stan ROS + a?B?y?N? + sin v? + B2cos | 
(a2B? a?yN sin v)? 


so that the value of v will be determined by equating the numerators — 
of these two fractions. Thus | 


(at 2B? + B* cos 1)y2N 2+ sinvcosy= + a” By(a?sinv? + B2cos 


or 


(B? cos v? — + 2a?B%e?yN sin vy cos v= a” B?-ye*(a?sin + sin vcosy 


whence, after repeated simplifications, 


(- a! sin + cos »4)y? + a28?(a? sin v? — cos v2) 
+ 2a7B*y ,/ (« sin + B?cosv? — vsin 


a? B?y(a? sin y? 24 cos vsinv 


2 sin + BPcosy? - 


=0 


a’ By cosy sin v { v? + B?cos v?} 


=F cosy siny | 3a sin 


| 


2N2 
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whence squaring 
a2B2\3 
(- a? sin v? + B? cos sin y? + B2cosv? — ar) 


2 


292 
e e 
=atBt cosy’ sin sin v? + 38? cos 
which is an equation of the fifth order, sin v? being the unknown 


quantity. | 
For the convenience of development put 


| a? sin v2=A ; cos v2=B ; oF aC; 
then the equation becomes ; 
(-A+B)*y?(A + B-C)?= AB(3A + 3B 
or | | 
4+ MB 2A3B? — 2A2B3 + AB! + B°} +C{ - — 12A2B? 9AB? - 3B?? 
+C?{3A3 + 9A2B + + 3B3} + — A? 2AB— B?} =0. 
Or, again, | 
(A + B)%(A — B)?—- 30(A + B)(A2 + AB + B2) + 30% A + B)3— 0%(A+B)?=0, 

y hence as two of the solutions of the equation we have A+ B=0, © : 


the roots of which are clearly imaginary. The remaining solutions 
belong to the equation 


(A+B)(A B)? 3C(A2 + AB + B2) + + B) C8=0, 


which is only of the third order in reference to the unknown- 
quantity sin v2 This equation may be put under the form 


+ sin (Bate — 3y?(Bt — + — a?)3 0 


Put here sin v? = of , and we have 


+ a{Sate? - + €*) + -&)} 


which becomes on substituting the numerical values for a”, 8%, e?, y’, 


a } 
—— 
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=-088113;  @2="364816; “452 929 
716; 2-a2="062900; “541 042 

2B += 993 971; "817 745; 603 
0-058 921823 0-158 314822+0-097 23082- 0-000 248858 =0. 


This equation has three roots, only one of which is consistent — 


with other conditions not involved in the algebraic expression of 
the problem: that root is 


'0025702, 
whence 


a result which gives the maximum value of ROS, and therefore the 
minimum of SOs; or the maximum of — SOs. 

The value of ROS deduced from the above v is 24°..40’.. 23”, 
while the constant value of ROs is 22°..32’..59”; thus leaving 
for SOs only 2°..07’..24” as the maximum when Os falls 
between OS and the axis. This leaves so small a difference between 
the interior rays which experience total reflection at the surface of 
the balsam, that it 1s needless to pursue the investigation farther. 
It may be at once held as demonstrated that the best position for. 
the plane of cement is beyond the limit which gives a coincidence 
to the two interior rays OS, Os; and that we must seek for the best 
possible position beyond that limit. 

The maximum value of ROs—- ROS must, since ROs is ‘constant, 
accompany the minimum value of ROS, which minimum value, 
since both angles must always lie on the same side of OR, is zero. 
We might, therefore, be led to suppose that the best value of LOR 
is (v)=57°..55'. But in reality, any value of LOR between 
57°..55’ and its supplement 122°..05’ is accompanied by this 
circumstance, that no pencil of extraordinary light is intercepted by 
the balsam. Hence in considering the values of v between these 
- limits, we have only to examine the condition of total reflection of 

the ordinary ray ; this examination is a matter of comparative 
facility. | 

Having thus found a wide range of angles accompanied by no 
interruption of the extraordinary ray, we might enquire what 
particular angle would give the most extensive field of view; but 
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in reality, all positions of the plane OR give the same value, 
22°. . 33’, to the angle ROs, so that the position of OR between 
these limits is indeterminable by this condition. 

Another and remarkable condition may, however, be proposed : 
viz., so to place the external surface, that no ray of ordinary light 
entering the eye-piece may pass through it; while at the same time 


not a single extraordinary ray is intimoapted. The construction of | 


an eye-piece to satisfy these conditions would seem to give every 
requisite desirable in such an instrument, | 
Let AB represent the position of the plate of 


A 


3. 


balsam, anywhere intermediate between 57°..55’ and 102°.. 05’ 
from the axis. Make ABD =22°.. 33’; any ray of ordinary light 
_ passing in the interior between AB and DB would suffer total 


_ reflection ; no ray beyond DB would be intercepted. We wish, 


then, that no ordinary ray entering the substance may make with 
the line AB an angle greater than 22°.. 33’: in other words, a ray 
of light BD passing in the interior ought to suffer total reflection at 
the outer surface. The angle ADB, then, ought to have for its 
cosine the ratio a; whence 


ADB= 52°...50’.. 35” 
ABD= 22 ..32..59 
BAD =104 ..38.. 26 


ie AC as the limit of rr rhomb, and making that 


coincide with the direction of the aréte of the primary form, the whole 
instrument is defined. With this eye-piece, as a matter of course, 
there are no separating bands perceived. 

In all of these enquiries the object has been to exclude the 
| ordinary and transmit the extraordinary pencil. But the converse 
question may also be proposed. 

At a glance it is seen that no combination similar to that which 
_ we have been considering can supply the requisite conditions. We 


e on 
| 
| 
D B 
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must place the calcareous spar between two wedges of a medium 
having a greater action on light. 

If a plate of spar be placed between two wedges of glass, having 
its index of refraction just equal to the index of calcareous spar for - 
ordinary light, no ordinary ray would be intercepted ; and there | 
would remain the question—so to form these wedges as to exclude 


_ the extraordinary pencil, as also to determine the manner in which 


the slice of spar should be cut from the crystal. 
Supposing a glass obtained with the refractive power 11. 655 ; 


_ itis cbvious at once that the best direction for the slice of "ealearsous 


spar is across the axis of crystallisation. The angle at which the 
extraordinary ray interior to the glass would suffer total reflection 


would have = for its cosine; hence, that angle would be 26°..10’.. 19” 


Let, then, AB represent a plate of Iceland Spar cut at right angles 
to the axis: ABD, ABC, two wedges of glass ind. ref. = 1-655. 
Make ABD =26°..10’..19”, and a ray of light between AB and 


DB would send through only the ordinary pencil; beyond DB both 


would pass. Make, again, the angle BDA such that its cosine 
is a, that is, make it 52°..50’.. 35”, and, of course, BAD= 


_ 100°..59’..06"; and then, while no ordinary ray is intercepted, 


no extraordinary one is suffered to pass. 
When the refractive power of the glass employed is not the 
inverse of a, the computations become more intricate ; but they 


resemble so closely those of the first pert of this paper that it is 


needless here to go over them. 

The importance of the eye-piece as an instrument for PaO 
research, entitles it to a strict and minute analysis, that we may 
call into action the full development of its powers, and thus make 
sure of losing none of the benefits which it promises to confer. 


30th January 1837. 


D 
Fig. 4. 
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Note on Dr Sang’s Paper. By Prof. Tait. 
(Read November 23, 1891.) 


At the very urgent request of the late Dr Sang, who regarded the 
above paper as one of his chief contributions to science, I brought 
before the Council of the Society the question of its publication. 
From the Minute-Book of the Ordinary Meetings, I find that it was 
read.on the 20th February 1837, though it is not mentioned in the 
published Proceedings of that date. On 21st July 1891 the Council 
finally resolved that the paper should be printed in the Proceedings 
if otherwise found desirable.” The reasons in favour of printing 
it seem to outweigh those which may, readily enough, be raised 
against such a course. | | | 

The subject is one with which, except of course in its elements, © 
I have long ceased to be familiar. But, from the imperfect 
examination which I have found leisure to make, I have come 
to the following conclusions. 

The paper contains a very important suggestion which (0 one would 
have thought) should have been forthwith published, whatever 
judgment might be passed on the rest of the work :—viz., the pro- 
posal to construct the polariser of two glass prisms, separated by a 
thin layer, only, of Iceland spar. In view of the scarcity of this 
precious substance, such a suggestion was obviously of great value. 

Tam not sufficiently acquainted with the early history of the Nicol 
prism to be able to pronounce on the question of Dr Sang’s claim 
to priority in the explanation of its action :—but he told me that he 
believed himself to have been the first to demonstrate that the separa- 
tion effected was due to the total reflection of the ordinary ray. 
And it is quite certain that, long subsequent to 1837, various very 
singular attempts at explanation have been given in print. The 
inventor, himself, seems to have thought that the effect of his 
‘instrument was merely to “increase the divergency” of the two rays. 

The numerical error which Dr Sang has pointed out in Malus’ 
work seems to have been a slip of the pen only, as the minutes and 
seconds of the angle in question are correctly given. He supplies no 
reference to the passage, but I find it in the list of calculated angles 
at p. 125 of the Théorte de la Double Refraction. It cannot be a 
mere misprint, because the supplement is given along with the angle, 


‘ 

‘ ' 
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and is affected by the corresponding error. But I do not think 
that Dr Sang’s further remark is justified, as Malus not only gives — 
the correct expression for the cosine of the angle in question, but 
seems to have employed in his subsequent calculations the inclina- 
tion of the axis to a face, not to an edge, of the crystal :—and he 
gives the accurate numerical value of this quantity, as deduced from 
Wollaston’s measure of the angle between two faces. 

‘There is an altogether unnecessarily tedious piece of analysis in 
Dr Sang’s investigation of the limits within which the prism works:— 
and it is so even although he shortens it by the introduction of the 
terribly significant clause “after repeated simplifications.” I will 
give below what I consider to be a natural and obvious mode of 
dealing with the question (one which, besides, leads to some elegant 
results) :—but I have reproduced Dr Sang’s manuscript as it was read, 
for the circumstances of the present publication seem to require 
literal accuracy. Dr Knott has kindly verified for me the agreement 
of my final equation with that of Dr Sang. 

In p. 331, above, it is clear that, since S isa point on the spheroid, 
we may put 
But we have (p. 328) | | 

tp, = y COS sine. 

Hence the general relation between 2 and §, 7... between ¢ and », is 


cos cosy | sin psinv 1 


a B 


Also, since the angle ROS is to be a maximum, 


- )=0. 


Differentiating the first equation, and eliminating dd/dv between the 
two, we get at once the remarkably simple relation 


But we may put the first into the form 


or 


9 


af 


7 
| 
r 
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The elimination of tang between (1) and (2) is easily effected 
by multiplying (2) twice over by tan q, using (1) after each opera- 
tion. We thus avoid the radicals which make Dr Sang’s work so 
complicated, and we have only to eliminate tang and (tan ¢)2 
among three equations of the first degree. The resulting equation is 
of the fourth degree in (sin v)?, but it contains the irrelevant factor 


(cos v)? (sin v)? 
[ Another method of effecting the elimination, while quite as simple 
as that just given, has the advantage of not introducing the irrelevant 
factor. Write for shortness 


sin v 


- 


“a B = 


and we have | 
poo p+gsing=—, 


plsin $)°+q(cos 
From the second of these, by the help of the first, we at once obtain 


psin d +4 cos  =Acos sin d, 
or p i q 1 
sind 
The following are immediate consequences :—obtained, respectively, - 
by multiplying together the first and fourth of these equations, and 
by squaring and adding the first and third :— 


+ Apa sin = (1 + (sin 


From these the final result may be written by inspection, in the form 


or 
1\3 *) 


which is obviously of the third degree in (sin v)’.] ) 
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It is clear that there are other parts of Dr Sang’s paper which 
might be greatly simplified by the use of an auxiliary angle ; but it 
suffices to have shown the value of the method in the most compli- 
cated part of the investigation. | 


[ P.S.—Nov. 23, 1891.—Mr R. T. Glazebrook has kindly given 
me a reference to Comptes Rendus, xcix. 538 (1884), where M. E. 


Bertrand has suggested the employment of glass prisms separated 
by a thin layer of Iceland spar. ]- 


| Pre 


DR. SANG ON NICOL’S POLARISING EYEPIECE. 
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The lines RST, TU, UO are omitted for want of room; 


they are analogous-to Rst, tu, uO. 


’ 


| 
| | 
| | 
\ | 
| 
| 
a 
| 

| | 

\ 

of 6 

| 


- 
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On the Extension of Brouncker’s Method to the Com- 


parison of several Magnitudes. By Edward Sang, 
LL.D. | 


(Read December 15, 1890.) 


In the paper on this subject, printed in the twenty-sixth volume 


of the Society’s. Transactions, the general principles only of this 


extension were explained; since then the subject has lain aside. 


An accident has drawn attention to the use of this method for 


determining cube-roots, and particularly in regard to the duplication 
of the cube. The consideration of this matter has led to the 


observation of certain relations which deserve to be recorded. 
Here we have to compare three quantities which are in continued — 


geometrical progression. From the greatest of these we deduct — 
multiples of the others to obtain a fourth magnitude or remainder 


less than the least of the preceding; leaving off now the greatest, 


we treat the remaining three quantities in the same way, and so 


proceed until the remainder become insignificant or, in the case of 
- commensurables, become zero. 


In the former explanation the three quantities were arranged in 
the order of decreasing magnitude, and the second was taken as 
often as possible from the first before the subtraction of the third 
was attempted, and the three quantities in hand remained arranged i in 
the order of decreasing magnitude. | | | | 

For the sake of illustration we may take the case of the cube- 


of 2, in which case we have the three quantities and 


1, to be compared, Expressing them numerically, we have 


1.5874011=A, 
1.2599210=B, 
1,0000000 =C. 


The second of these deducted once from the first leaves a remainder ~ 
less than the third, therefore we write A=1.B+0.C+D, leaving 


D =.3274801. Treating B, C, D in the same way we find 


SESS 
a 
J 
‘ 
; 
| 
- 
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B=1.0+0.D+E, leaving E=.2599210. Here, however, on 
comparing C, D, E, we find that D may be taken thrice from C, 
and we get C=3.D+0.E+F, leaving F=175597; and thus the 
work proceeds, as shown in the accompanying scheme :— 


—-1.5874011=A = 1.B+0.0 +D 
1.2599210=B= 10+0.D+E 
1.0000000=C = 3.D+0.E+F 

.3274801=D = 1£E+3.F4+G_ 
.2599210=E =14.F +0.G+H 
175597=F = 
148800=G= 1.H+0.1+K 
140852 =H= 5.1 +0.K+L 
= 3.K4+0.L4M 
7948=K= 1L4+0M4+N 
6867 =L= 2.M+0.N+0 
2953=M= 2.N+0.0+P 
1081=N= 1.0+4+0.P+Q 
961=O= 1.P4+1.Q+R 
791=P= 6.Q+1R+S8 
1200=Q= 2R4+18 
50=R 
21=S. 


In the work so carried on, there is no appearance of recurrence 
among the quotients, such as is seen when two quantities are compared 
for the purpose of finding the square-root. But here we have 
followed the purely arbitrary rule of making as many subtractions 

as possible of the second from the first of the three quantities. We 

might have written, 


C=2.D+1E+F 
or C=1.D+2.E+F, 
©=0.D+3.E+F. 


In such case we should have a change in the sequence of the 
quotients, but any of these, if continued to exhaust the absolute 


numbers proposed, would necessarily result in reproducing - those 
very numbers. 
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On using the first of these variations, that is, making 
C=2.D+1.E+F, 


the entire scheme becomes this :— 


1.5874011=A =1.B +0.0 +D 
1.2599210=B =1.C +0.D+E 
1.0000000=C =2.D +1.E+F 
3274801 =D =1.E +0.F +G 
.2599210=E =2.F +1G+H 
851188 =F =1.44+0.H +I 
675591=G =2H+11 +K 
9912943 =H=1.1 +0.K4+L 
175597 =I =2.K+1L4+M 
57508=K =1.L +0.M+N_ 
=2.M+1.N+0 
14935=M=1.N+0.0 +P 
11862=N =2.0 +1.P +Q 
3914=0 =1.P +0.Q4+R 
 3073=P =2.9 +1.R 
=1.R +058 +T 
841=R +17 +U 
310=S =1.T4+1U4+V 
120=T 
101=U 
s9=V 


in which the pair of groups of quotients 
10.4 
a, 

is repeated almost to the end, ceasing only when the accumulation 
of the last-place inaccuracies may have interfered. Hence we are 
— led to assume that this recurrence ought to continue for ever. The 
soundness of this inference is confirmed when we operate on the 
symbolical representatives of the three quantities. | 
Beginning with the three values, A= 3/4, B= 3/2, C=1, and mak- 


ing A=1.B+0.0+D, B=1.C+0.D.+E, we find D= 3/4- 3/2, 
E= 3/2 -1, and have now to operate on the three quantities C, D, E. 


j 
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We have to enquire how often D may be contained in C. Now the 
quotients among them are not affected by any other alteration in value, 
provided they be all changed in the same ratio; therefore, exactly as 


in the analogous well-known operation for square-roots, we seek 


some multiplier which may render D rational. This multiplier is 
evidently 3/4+ 3/2+1, and the new proportionate values of C, D, E 
become C’= 3/4+ 3/2+1, D'= 8/2, Here we observe that 
D’ is contained in 7/4+ 3/2 twice, while E’ is contained in 1 once, 
wherefore we write C’ = 2.D'+1.E’ + giving F’= 3/4— 3/2; and 
thereafter putting D’=1.E’+0.F’ + G’ we find G’= 3/2-1. Here, 


again, we see that the E’, F’, G’ are transcripts of the previous 


C, D, E, and that thus the group of quotients — 


must continually recur. This is concisely shown in the subjoined 
scheme. 


A=1.B+0.C+D 

| B=1.0+0.D+E 
2/44 3/241 C=2.D+1E+F 
{Dalz +0.F +G 
| 
/2-1 ] and so on, 
$/4.— 3/3 


2-1 


ll 


| 

bo 


It follows from this, that the values of F and G are less than 
those of D and E in the ratio of 37/2-1:1; while those of H and I 


- are again less in the same ratio, so that the series D, F, H.... . 
as also E,G,I... . . form geometrical progressions having the 


common ratio 2/2—1,; and, writingfor shortness’ sake e= ,3/2-1, 
we have D =e E=e; 3/2, G=e; H=e? 3/2, [=e3; and 


go on. 


By successive substitutions we obtain the simultaneous values of 


A, B, C as shown in the subjoined scheme. In the lower part of 


it the numerical coefficients alone are written. 


| 
| 
| 
(2,1, 1 
11, 0, 


1890-91.] Dr Sang on the Extension of Brouncker’s Method. 345 


1A 
1B} + 0C]+1.D 1.B 
+ 1.E 1° | + 0D) + 1E 1.0 
+ 2E] + 1.F 2.D | + 2.E |} +. 1.F + 1.F 
5.E | + + 3.4 + 1F| + 2G + 2.6 
11.F | + 8&G|+ 5H 9F | + 6G| + 4.H 7.F | + 5.G| + 3.H 
19.G | + 5.H| +111 15.G | + 4.H; + 9.1 12.G |-+ 38H] + 7.I 
43.H | +30.1 | +19.K 34.H | +24.I | +15.K 27.H | +19.1 | +12.K 
73.1 | +19.K | +43.L 58.1 | +15.K | +34.L 46.1 +12.K | +27.L 
165 116 73 131 92 58 Ge eater 46 
281 73 165 223 58 131 177 46 104 
635 446 281 504 854° | 223 400 | 281 177 
1081 | 281 635 858 223 504 . O84 177 400 
2443 1716 1081 1939 1362 858 1539 1081 681 
4159 1081 2443 3301 858 1939 2620 681 | 1589 
9399 6602 4159 7460 5240 3301 5921 4159 2620 
16001 4159 | 9399 12700 3301 7460 ~—| 10080 2620 5921 


Omitting each alternate line of these values, we form a continuous 
series as shown below :— | 


| A B. C 
73. | 19 43 58, | | 15 34 46, | 12 27. 
m1. | 223, | 58 | 181 177. | 104 
1081. | 281. | 635 858, | 223. | 504 681. | 177. | 400 


| xe7n | | 


| 
| 
| 
| 
| 
| | | 
| 
| 
| | 
| 
4159. | 1081. | 2448. 3301. | 858. | 1939. 2620. | 681. [1539. 
16001. | 4159. |9399. ||12700. | 3301. |7460. || 10080. | 2620. (5921. | 
en-1 | en en-l e” e” 
1 2 2 1 1 2 1 1 1 
5 6 8 4 5 6 8 4 5 | 
19 24 30 15 19 24 12 15 19 : 
73 92! 116 58 73 92 46 58 73 2 
281 | 446 223 | 281 | 354 177 | 223] 281 
1081 | 1362] 1716 858 | 1081 | 1362 681 | 858] 1081 
4159 | 5240 | 6602 || 3301 | 4159 | 5240 |) 2620} 4159 
1600] | 20160 | 25400 | 12700 | 16001 | 20160 |) 10080 | 12700 | 16001 ) 
3 3 
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and, collecting those terms involving 7/4, 2/2, we get this new 
scheme, which makes it clear that the numerical coefficients in the 
development of the powers of 2/4 + °/2+1 give the desired approxi- 
mations to the values of 1, 2/2 and of ./4. | 

Those coefficients are readily found thus :— 

We write the group 


and continue the progression by adding the autepenult to the triples 
of the last and of the last but one term for the succeeding term, as 


1 1 5 19 73 281 1081 4159 16001 ete. 
0 1 4 15 58 223 858 3301 12700 ete. 
0 1 3 12 46 177 681 2620 10800 ete. 


If we follow the same method for the square-root, we find that 
the successive powers of ,/2+1, namely, 2,/2+3, 5,/2+7, | 
12 ,/2+17, and so on, have their coefficients approximating to the 
ratio of 1: /2, thus | etc. And if we proceed in 
the opposite direction we find similarly that the coefficients of the 
powers of {/3+ 2/44 4/241 approximate to the ratio of 1, 


/2, 4/4, 4/8. The computation of these coefficients may be made 
- neatly as in the adjoining scheme. 


1 4 22 116 613 3240 17124 90504 etc. 
1 5 26 138 729 3853 20364 107628. etc. 
1 6 31 164 867 4582 24217 127992 ete. 
1 7 87 195 1031 5449 28799 152209 ete. 


Here the number at the head of one of the numbers in the pre- 
ceding column, thus 613=116+ 13841644195. To this 613 we 
add the preceding 116 to get 729; to 729 we add 138 to get 867, 
and so on throughout. From four contiguous terms in any one 
line we may deduce the succeeding term by using the multipliers 
1, 4, 6, 4; thus 1.22+4.116 + 6.613 + 4.3240 = 17124. 

The numbers shown in the last column give, between 90504 and 
its double 181008, three mean proportionals 107628, 127992, and 
152209 ; and it is apparent that a fifth line deduced from the fourth 
one would be double of the first. | 


9 
0, 1, 4 
| 0,1, 3 
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In the same way we may proceed to compute four geometrical 
-means between a line and its double thus :— 


1 5 35 2385 1580 10626 71460 etc. 
1 6 40 270 1815 12206 82086 ete... 
1 7 46 310 2085 14021 94292 ete. 
1 8 53 356 2395 16106 108313 ete. 


1 9 61 409 2751 18501 124419 ete. 


and we have the six numbers 71460, 82086, 94292, 108313, 124419, 
142920. in continued proportion to within one-tenth part of unit 
in any of them. : | 
The same process may be used for the roots of the number 3. 
Thus, if we write 7 for the n root of 3, and work out the successive 
powers of 247141) we shall find that the 
coefficients may be computed in a manner quite analogous to the 


preceding. Thus for n=5, that is, for ” the scheme is as — 


under :— 


45 365 2965 24141 196485 ete. 
55 455 3695 30071 244767 etc. 
4605 37461 304909 ete. 
11 87 703 5735 46671 379831 etc. 
1 13 109 877 7141 58141 473173 


Oa 


Here the number placed at the top of a column is the sum of the 
numbers in the preceding column, and the following terms are © 


got by adding thereto the double of the preceding number, thus 


365 + 2.45=455 ; 455+2.55=565, and so on, as is seen whenever © 


we proceed to collect the surd elements of the successive powers of 
2/344 3/384 3/324 2/341; and it is manifest that the subsequent 
or sixth line would be just the triple of the first one. The approxi- 
mation is, in this case, much slower than in the preceding. : 
_ The same method is applicable to the roots of rational fractions. 


Thus we may take the case of 2/3, or as we may write it ./(1 + §). 


The arrangement is thus :— 
1 15 285 5295 98445 ete. 
1 17 315 5865 109035 ete. 
1 19 349 6495 120765 etc. 
1 21 387 7193 133755 ete. 
1 23 429 7967 148141 ete. 
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Here the new column is headed by the triple of the sum of the 


~~ numbers in the previous column ; and the rest of the column is got 


by adding the doubles of the iidtetaton figures. | 
‘Thus it seems that the comparison of several quantities in con- 
tinued proportion leads us to this general conclusion that, if + 


be the n“" root of a number or of a rational fraction, and if the 
powers of 


be expanded, the numerical coefficients of the several surds are 
approximately proportional inversely to the values of the surds 
themselves: the approximation being closer as the index of the 
power 1s augmented. 
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Meetings of the Royal Society—Session 1890-91. 
Monday, 24th November 1890. ——— 


General Statutory Meeting. Election of Office-Bearers. PP. xviii. 1. 


Monday, 1st December 1890. 
Sir Douglas Maclagan, M.D., President, in the Chair. 
1. The President gave an Opening Address. P. xviii. 2. 


The following Communications were read :— 


2. Obituary Notice of Professor Kobe. By Prof, Crum 


Brown. P. xvii. p. xxxv. 

3. On an Analytical Examination of Manganese Nodules, with special 
reference to the Presence of mie Rarer Elements. By JoHN Gibson, 
Esq., Ph.D. 


4, On the Occurrence of Sulphur in Marine Muds wil Nodules, ak — 


its Bearing on their Modes of Formation. By J. Y. PUSMARSN, F.R. S. 
P. xviii. 17. 

5. Anatomical Description of Two New Genera of Aquatic Oligochit a. 
By Frank E. Bepparp, M.A. Oxon. TJ. xxxvi. 273. | 

6. On a Simple Pocket Dust-Counter. By J. Arrken, F.R.S. DP. 
XVill. 39. | 

The following Candidates for Fellowships were balloted for, and 
declared duly elected Fellows of the Society :— 


Henry HAnNottTE VERNON, M.D. 
J. H. Funtarton, M.A., D.Sc. 
JosHuUA Law Kerr, M.D. 

JaMES WALKER, D.Sc., Ph.D. 
ALEXANDER SMITH, Ph.D. 
CHARLES A. CooPER, 


Monday, 15th December 1890. 


~ Professor Crum Brown, Secretary, in the Chair. 


The following Communications were read :— 


1. On the Extension of Brouncker’s Method to the Comparison of 
Several Magnitudes. By E. Sane, Esq., LL.D. P. xviii. 341. | 

2. Proposed Extensions of Quaternion Powers of Differentiation. By 
ALEXANDER M‘Autay, Ormond College, Melbourne. Communicated by 
Professor Tait. P. xvill. 98. 
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3. Exhibition of a Model illustrating a Molecular Theory of Mag- 
netism. By Professor Ewine, F.R.S. 

4. On the Development of Adenoid Tissue. By Dr GuLLAND. Com- 
municated by Dr A. BRUCE. . 


Monday, 5th January 1891. 
Professor Chrystal, LL.D., Vice-President, in the Chair. | 


The following Communications were read :— 


1. Obituary Notices— 


Sir Henry Yute. By Courrs Trotter, Esq. P. xvii. p. xliii. 
Dr James Duncan MatTTHEws. By Professor M‘INTOsH, 
F.R.S. P. xvii. p. XXXviil. 
Rev. JAMES GRANT, D.C.L. A. B. Advocate. 
XVli. p. XXXii. 
2. On the Soaring of Birds ; a continuation of the letter from the late 
Mr W. Froupe to Sir W. THoMsoy. P. xviii. 65. 
3. Further Note on Impact. By Professor Tart. 


| Friday, 9th January 1891. | 
Professor Chrystal, LL.D., Vice-President, in the Chair. 
The following Communications were read :— 


1. On the Form, Structure, and Distribution of Manganese Nodules 
in the Deep Sea (with Specimens). By Dr JoHn Murray. 

2. On the Occurrence of Manganese Deposits in Marine Muds. By © 
RoBERtT Irving, F.C.S., and Dr Joun Gipson. P. xviii. 54. 

3. On the Composition of Oceanic and Littoral Manganese Nodules. 
By J. Y. Bucuanan, Esq., F.R.S. 7. xxxvi. 

4. On the Composition of some Deep-Sea Deposits rom the Mediter- 
ranean. By J. Y. Bucwanan, Esq., F.R.S. P. xviii. 131. 

5. On the Action of Metallic Salts on Carbonate of Lime (with illustra- 


tive Specimens). By Ropert F.C.S., and W. S. ANDERSON, 
Esq. P. xviil. 52. 


Monday, 19th January 1891. 
The Hon. Lord M‘Laren, LL.D., Vice-President, in the e Chair. 
The following Communications were read :— 


1. Obituary Notice, James Leste, Memb. Inst.C.E. By ALEXANDER 
LESLIE, C.E. P. xviii. p. xvii. 
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2. On Berberine. By Professor W. H. PERKIN, F.R.S. 

3. On some hitherto unproved Theorems in Determinants. By THomas 
Muir, LL.D. P. xviii. 73. 

4. On a Problem of Elimination connected with Glissettes of the 
Ellipse and Hyperbola. By THomas Murr, LL. 


5. The Equation of the Glissette of the Curve — +t 1, when the 


Guides are the Axes of Coordinates. By the Hon. Lord M‘LaREN. P. 
XVlil. 83. | 


Monday, 2d February 1891. 
‘Sir Douglas Maclagan, M.D., President, in the Chair. 


At the request of the Council, Professor RUTHERFORD gave an 
Address 


On THE SENSE OF HEARING. 


The following Candidate for Fellowship was balloted for, and 
declared to be a duly elected Fellow of the Society :— 


JOHN B. M.A. 


Monday, 16th February 1891. — 
A. Forbes Irvine, Esq., LL.D., in the Chair. 


The following Communications were read :— 


1. Further Note on the Virial. By Professor Tait. | 7 

2. Haycraft’s process for the Estimation of Uric Acid. A Reply to 
the Adverse Criticism of Salkowski and Jolin, and a Review of the 
favourable Notices of Hermann, Czapek, and Camerer. By JouHN 
Berry Haycrart, M.D., D.Sc. P. xviii. 255 (Abstract). 
8. Note on Potassium Persulphate. By H. Marswatt, D.Sc. P. 
xviii. 63. 

4, On the Interaction of Longitudinal and Circular Magnetisations in 


and Nickel Wires. (Second Note.) By Professor CARGILL G. 


Knorr. P. xviii. 124. 

5. Professor Kelland’s Problem on Superposition. By RoBert Bropie, 
Esq. Communicated by Professor Tarr. T. xxxvi. 307. 

6. On the Temperature of the Salt and Fresh Water Lochs of the 
- West of Scotland at Different Depths and Seasons, during the years 
1887 and 1888. By Joun Murray, LL.D. P. xviii. 139. 

7. A New Method for the Estimating the Specific Gravity of the 
Blood. By Berry Haycrart, M.D., D.Sc. P. xviii. 251. 
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Monday, 2nd March 1891. 
Sir Douglas Maclagan, M.D., President, in the Chair. 
The following Communications were read :— 


1. On the Influence of High Winds on the Barometer at the Ben 
— Observatory. By ALEXAN DER BucuaNn, LL.D. P. xviii. 88. 
2. On a Human Cyclops. By Dr ALEXANDER BRUCE. 


3. Cases illustrating the Position of the Visual Centre in Man. By | 


Dr Byrom BRAMWELI.. 
4, On the Anatomy of Ocnerodrilus (Eisen). By F. BeppDARD, M.A., 


F.Z.S. TJ. xxxvi. 


The following Candidates for Fellowship were balloted for, and 
declared duly elected Fellows of the Society : —- 
The Hon. Lord 
Professor JoHN RAnkKINE, Advocate. 
Professor R. M. WatmsteEy, D.Sc. 
Professor R. STANFIELD. 
Sir James Sawyer, Knight, M.D. (Lond. ). 
The Hon. Lord SrorMoNTH-DARLING. 


Monday, 16th March 1891. 
The Rev. Professor Flint, Vice-President, in the Chair. 


‘The following Communications were read :— 


1. On Bi-stratification i in the Living Greek Language. By Professor 


BLACKIE. | 

2, On Silica and the Siliceous Remains of Organisms in Modern Seas. 
By Joun Murray, LL.D., Ph.D., &c., and RoBet Irvine, P. 
XVill. 229. 

3. On the Relation of Nerves to Odo ntoblasts, and on the iscaths of 
Dentine. By W. G. ArrcHison Ropertson, M.D., B.Sc. Communi- 
cated by Sir Turner, F.R.S. TZ. xxxvi. 321, 


: 4. On the Comparative Value of African Lands. By A. S1tva Wuirr, 


Monday, 6th April 1 1891. 
The Hon. Lord Maclaren, LL.D., Vice-President, in the Chair. 
The following Communications were read :— 


1. Obituary Notice of Professor CAMPBELL Swinton. By The Rt. 
Hon. Lord MoncretrF of Tulliebole, Hon. Vice-President. P. xviii. p. i. 
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2. Synthesis of Dibasic Acids by means of Electrolysis. Alkyl 
Derivatives of Succinic Acid. By Professor Crum Brown and Dr 
JAMES WALKER. P. xvili. 95 (Abstract). | 

3. On the Virial Equation, with special opie to Carbonic Acid. 
By Professor Tart. 


“The following Candidates for Fellowship were balloted for, and 
declared duly elected Fellows of the Society :— 


JOHN HARDIE WILSON, D.Sc. 
JOHN MACALLANY, F.I.C. 


Monday, 4th May 1891. 
Sir Douglas Maclagan, M.D., President, in the Chair. 
The following Communications were read:— .” 


1. A Comparison of the Minute Structure of Plant Hybrids with that 
of their Parents, and its bearing on Biological Problems. (Illustrated by 
three Parallel Lantern Demonstrations.) By J. M. MacraRLANnE, D.Sc. 

2. On a Method of Observing and Counting the Number of Water 
Particles in a Fog. (Preliminary Note.) By Joun AITKEN, F.R.S.  P, 
XVill. 259. 


The following Candidates for Fellowship were balloted for, and 
declared quly elected Fellows of the Society :— 


RICHARD D. GRAHAM. | 
'T. Wemyss Furton, M.B. 


Monday, 18th May 1891. | 
The Hon. Lord M‘Laren, LL. D., Vice-President, in the Chair. 


The following Communications were read :— 


1. The barometer at the Ben Nevis Observatory, in relation to the 
Direction and Force of the Wind. By ALEXANDER Bucuay, LL.D. 

2. An Account of some Experiments which show—(I.) That the 
Displacements of the Heart, which since Harvey’s time are supposed to 
take place with every Contraction, do not really occur in the unopened 
Chest. (II.) That the Cardiogram has been misinterpreted by Physio- 
logists. By JoHn Berry Havorarr, M.D., D.Sc. —— 

3. The Clyde Sea Area :—Part I. Physical Geography. Part II. 
Salinity and Chemical Composition. By Hucu Ropert Mitt, D.Se: 
xxxvi. 
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Monday, 1st June 1891. 
Professor Chrystal, LL.D., Vice-President, in ne Chair. 


The following Communications were read :— 


1. The Violet of the Solar Spectrum. By C. Prazza Sur tH, LL.D., 
F.R.S.E. 


2. On the Fossil Plants of the Kilmarnock, Galston, and Kilwinning 


Coal Field, Ayrshire. By Ropert Kipsroy, ERS. E., F.G.S. 


3. On Some Relations between Magnetism and Twist. Parts IT. and 
III. By C. G. Knort, D.Sc., F.R.S. E, Professor of Natural Philosophy 
in the Imperial University of Tokyo, Ji apan. fT’. xxxvi. 485. | 

4, The Winds of Ben Nevis. By R. T. Omonp, F.R.S.E., Super- 
intendent of Ben Nevis Observatory, and ANaus RANKIN. T’ xxxvi. 

5. On the Blood of the Invertebrata. By Dr A. B. Grirrirus, F.R.S.E.. 
F.CS., Ge. xvii: 288. 


Monday, 15th June 1891. 
T. B. Sprague, Esq., M. A., in the Chair. 
The following Communications were read :— 


1. A Case of Defective Endochondral Ossification in a Human Feetus. 
By Jounson Symineton, M.D., and Henry ALExis THomson, M.D. 
P, xviii. 271. 

2. The Alkaline and Acid Salts of the Blood and Urine, and especially 
those of Phosphoric Acid. By Jonny Berry Haycrart, M.D. 

3. On an Optical Proof of the Existence of Suspended Matter in 
Flames. By Sir GEorGE G. STOKES, Bart., f. R.S. (In a letter to Prof. 
Tait.) P. xviii. 263. 

4. Observations on Vegetable and Animal Cells; their Structure, 
Division, and History. Part II. By J. M. Macraruansg, D.Sc. 

5. A Comparison of the Minute Structure of Plant Hybrids with that 
of their Parents, and its Bearing on Biological Problems. (Illustrated 
by three Parallel Lantern Demonstrations) Part II. By J. M. 
MACUARLASE, D.Sc. 


Monday, 6th July 1891. 
The Hon. Lord M‘Laren, LL. D., Vice-President, in the Chair. 
The following Communications were read :— 


1. On the Solid and Liquid Particles in Clouds. By ‘ OHN AITKEN, 
F.RS. xxxv. 313. 


A Demonstration of_.Lagrange’s Rule for the Solution 
Linear Partial Differential Equation ; with some Historical Remarks on 


Defective Demonstrations hitherto Current. By Professor CHRYSTAL, 
LL.D. T. xxxvi. | 
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3. On the Foundations of the Kinetic Theory of Gases, V. 
(a) On the Isothermals of Ethyl-Oxide. P. xviii. 265. | 
(b) On the Application of the Virial Method to System of 
Doublets, Triplets, &c. 
(c) On the Mechanism of Equilibrium between —_— and 
Saturated Vapour. 
By Professor Tarr. 

4, The Maltese Fossil Echinoidea, and their Evidence on the Correla- 
tion of the Maltese Rocks. By J. W. Greaory, F.G.S., of the British 
Museum. Communicated by Dr JoHN Murray. 1. xxxvi. 

5. On the Lateral Sense-Organs of Lemargus Acanthias. I. The 
Sensory Canals, By Professor Ewart. 7 

6. The Electric Resistance of Cobalt at High Temperatures. By 
Professor C. G. Knorr. P. xviii. 303. 

7. The Thermo-electric Positions of Cobalt and Bismuth, By 
Professor C.G. Knott. P. xviii. 310.” 


The following Candidate for Fellowship.was balloted for, and 
declared to be a duly elected Fellow of the Society :— 
RoBerT Munro, M.A., M.D. 


— Wednesday, 15th July 1891. 
Sir Douglas Maclagan, M.D., President, in the Chair. 
The following Communications were read :— 


1, A New Ship for the Study of the Sea. By His Serene Highness 
Parson ALBERT OF Monaco. P. xvill. 295. 
2. Sur les Résultats zoologiques des Campagnes de Y Hirondelle. Par 
M. le Baron JULES DE GUERNE. 
| [These two Papers were given at the Request of the Council; and 
the second was illustrated by Lantern Projections.] _ | 
3. A Cartographic Device of great use in- the treatment of some. 
Geographical and Telluric Problems. By J. Y. Bucnanay, F.R.S. 
4, An Account of a Deep-Sea Tow-Net. By W. E. Hoyzez, M.A., 
M.R.C.S. 
5, Exhibition of an Improved Self- Locking Water-Bottle. By Dr 


MILL. 


Monday, 20th July 1991. . 
The Hon. Lord M‘Laren, LL.D., Vice-President, in the Chair. 
The following Communications were read :— 


1. Obituary Notice of Professor C. I. Burton. ‘By WILLIAM 
‘MARSHALL. Communicated by Professor Geppzs. P. xviii. P. xxi, 
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2. Additional Observations on the Development and Liife-Histories of 
the Marine Food-Fishes, and the Distribution of their Ova. By 
Professor M‘IntosH, F.R.S. P. xviii. 268. (Abstract.) 

3. On the Bright Streaks on the Moon. By Professor RALPH CorE- 
LAND, Astronomer-Royal for Scotland. 

4, On the Effect of Longitudinal Magnetisation on the Interior Volume 
of Iron and Nickel Tubes. By Professor C. G. Knorr. P. xviii. 315. 

5. Further Remarks on the Relation between Kinetic Energy and 

Temperature. By Professor Tarr. 


| | | 


Donations to the Library of the Royal Societ y from. 
1889 to 1891. 


I. TRANSACTIONS AND PROCEEDINGS OF LEARNED SOCIETIES, 
ACADEMIES, &e. 


Adelaide. Philosophical Transactions and Proceedings. Vols. 
XIT., XITI. 1888-90. 8vo. 

University Calendar for 1890. 

American Association for the Advancement of Science. — 38th Meeting 
(Toronto, 1889). 

Amsterdam.—Kon. Akademie van Verhandelingen. 
Afd. Natuurkunde. Dl. XXVIL, XXVIII. 1889-90.—Afd. 
Letterkunde. Dl. XIX. 1890.—Verslagen en Mededeelingen, 
Natuurkunde. 3¢ Rks., DI. VI., VII. 1889-90.—Letterkunde. 

8 Rks, DL. VI, VIL 1889-91. —Jaarboek, 1889-90.—Poemata 
Latina. 
Kon. Zoologisch Genootschap “ Natura Artis Magistra.” Bijdragen. 
Festnummer, 1888. 
Wiskundig Genootschap. Nieuw Archief voor Wiskunde, XVI., 
XVII, XVIII. 1890-91. Opgaven IV. 2-6; V. 1, 2. 
Nieuwe Opgaven. Dl. V., Nos. 86-115. “= 
Flora Batava. 287-294 Afleveringen. —From the Dutch Govern- 
ment. 

Australia.—Australasian Association for the Liveneement of Science. 
Reports, 1st and.2nd Meetings, 1888-90. 

Intercolonial Medical Congress, Transactions. 2nd Session. 1889. 

Baltimore—Johns Hopkins University.—American Journal of Mathe- 
matics. Vols. XII., XIII., and Index to Vols. I.-X. 1890-91. 

— American Chemical J outnal. Vols. XII., XIII. 1890-91. 
Index to Vols. I.—X.—American Journal of Philology. Vols. 
X.,, XI, XII. 1. 1889-91.—Studies from the Biological 
Laboratory of the Johns Hopkins University. Vol. IV. 5-7. 
1888. 8vo.—University Studies in Historical and Political. 
Science. Vols. VILL, IX. 1890-91.—University Circulars. 
1890-91. 


-Basel,—-Nataslocechende Gesellschaft. Verhandlungen. Bd. VII I. 3, 


IX. 1890. 8vo. 


Batavia.—Magnetical and Meteorological Observatory. Observations. 


Vol. XIT. 1889. in Nederlandsch Indie. 
Jaarg. 1889. 8vo. 

Bataviaasch Genootschap van Kunsten en Wetenschappen Ver- 
handelingen. 8vo.. 
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Batavia.—Tijdschrift voor Undische Taal-Land-en Volkenkunde. Deel 
| XXXIII., XXXIV. 1890-91. 8vo. | 
Notulen, Deel XXVIII. 1890. 
Kon. Natuurkundig Vereeniging. Natuurkundig Tijdschrift voor 
Nederlandsch Indie. Dl]. XLIX. 8vo. 
Belfast.—Natural History and Philosophical Society. Proceedings, 
1889-90. 
Bergen.—Museum’s Aarsberetning for 1889. 8vo. 
Berlin.—Konigliche Akademie der Wissenschaften. Abhandlungen, 
1889-90.—Sitzungsberichte. 1889-91. | 
Physikalische Gesellschaft. Fortschritte der Physik im Jahre 
1883, 1884. 1te Abtheil_—Allgemeine Physik, Akustik. 2te 
Abtheil.—Optik, Wirmelehre, Elektricitiitslehre. 3° Abtheil.— 
Physik der Erde. Berlin. 8vo.—Verhandlungen. 1888-89. 
Zeitschrift der Deutschen Meteorologischen Gesellschaft. _1689- 
91. 8vo. 
Preussisches Meteorologisches Institut. Ergebnisse der Meteoro- 
Jogischen Beobachtungen in Jahren 1888-91. 4to.—Abhand- 
lungen. Bd. I., Nos. 1-3. 1890. | 
Das Konigl. Preussische Meteorologische Institut und dessen 
Observatorium bei Potsdam, von W. von Bezzold. 1890. 4to. 
_ Bern.—Beitrige zur geologischen Karte der Schweiz. Lief XVI. 1890. 
4to.—From the Commission Fed frale Géologique. 
Naturforschende Gesellschaft. Mittheilungen. Nos. 1215-1264. 
1889-90. 8vo. 
Berwickshire.—Berwickshire Naturalists’ Club. Proceedings. Vol, XII. 
2,3. 1890-91. 
Bir mingham. —Philosophical Society. Proceedings. Vol. VII. 1890. 
8vo. 
Bologna. —Accademia d. Scienze dell’ Istituto di Bologna. : 
Memorie. Ser. IV., Tom. X. 1889.—Indice Generale. 1880-89. 
- Calendrier Universel et Méridien Universel: Rapports. 1890-91. 
-—Bombay Branch of the Asiatic Society, Journal. Vol. 
XVIIT. 1891. 
Magnetical and Meteorological Obsereeiiens made at the Govern- 
ment Observatory for 1888-89. Bombay. 4to. | 
Natural History Society, Journal. Vols. V., VI. 1890-91. 
Bonn.—Verhandlungen des Naturhistorischen Vereines der Preussischen 
Rheinlande und Westfalens. 1890-91. 8vo. 
Bordeaux.—Société des Sciences Physiques et Naturelles, Mémoires. 
3° Sér., Tom. IV., V. 1. 1888-89. | 
Bordeauz, —Société de Géographie Commerciale, Bulletin. 1890-91. 
| 
Boston.—Boston Society of Natural History, Memoirs. Vol. IV. 7-9. 
1890-91. 4to.—Proceedings. Vol. XXIV. 1888-90. 8vo. 
American Academy of Arts and Sciences, Proceedings. Vols, 
XXIII.-XXV. 1888-90. 
Brera.—See Milan. 
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British Association for the Advancement of Science.—Report of the Meet- 
ings at, Newcastle-on-Tyne, 1889, Leeds, 1890. 

Brunswick,—Verein fiir Naturwissenschaft, Jahresbericht. 1887-89. 

Brussels. Académie Royale des Sciences, des Lettres, et des Beaux-Arts 


de Belgique, Bulletin. Tomes LIX.-LXI. 1890-91. 8vo.— 


Mémoires Couronnés et’ Autres Mémoires. ‘Temes XLIII.- 
XLV. 1889-91.—Mémoires Couronnés et Mémoires des Savants 
Etrangers. Tomes L., LI. 1889-90. 4to.—Biographie Nation- 
ale. Tome XI. 1891. 8vo.—Annuaire. Année, 1890-91. 8vo. 
Observatoire Royal, Annuaire. Années, 1890-91. 8vo. 


Société Scientifique de Bruxelles, Annales. Années, 1888-89, 


1889-90. 8vo. 


Musée Royal d’Histoire Naturelle de Belgique, Bulletin. Tome 


V. 1. 1886, 8vo. 
Bucharest.—Academia Romana. Extrasu din Analele, Memorii si Notite. 


Tom. XI., XII. 1889-90.—Also Documents relating to the 


History of Roumania. 1889-91. | 

Analele Institutului Meteorologic al Homaniel.. Tom. 1V. 1888. 

| (In French.and Roumanian. ) 
Buda-Pesth. —Konigl. Ungarische Naturwissenschaftliche Gesellschaft, 
Berichte. Bd. IV. -VII. 1886-90. 

Hungarian Academy of Sciences.—Memoirs, 1890 ; Bulletins, 1890, 
and other Publications of the Hungarian Academy, or — 
under its auspices. 

Mathematische und naturwissenschaftliche Berichte aus Ungarn. 
Bd. VII. 1889. 

Ungarische Revue. 1890. | 

Archeological Bulletin. Tom. VIII., IX., X. 

Buenos-Atires.—Anales de la Oficina Meteorologica Argentina. Tom. 
| VIL, VIII. 1889-91. 4to. | 


Anales del Museo Nacional de Buenos Ayres. Tom. III. 1890- 3 


91. 


Calcutta—A siatic Society of Bengal. —Proceedings. 1889-91. 8vo.— 


Journal (Philology and Natural History). Vols. LIX., LX. 
1890-91. 8vo. | | 

Indian, Musewm.—Catalogue of the Mantodea, by J. Wood-Mason. 
Pt. IT. 1891. 


Monograph of Oriental Cicadide, by W. L. Distant. TIT. 


1890-91.—Catalogue of Mammalia. Pt. IT. 
Royal Botanic Gardens.—The Species of Ficus of the Indian 
- Malayan and Chinese Countries, by George King. Appendix 
I, II. 1889. Fol.—Annals. Vol. II. The Species of Arto- 
“earpus indigenous to British India. The Indo-Malayan 
species of Quercus and Castanopsis, by G. King. Fol. 1889. 
—See also Indian Government. : 
California.—Academy of Sciences, Proceedings. 2nd Ser. Vol. II. 
1889. Occasional Papers. Nos. 1, 2. 
State Mining Bureau: Annual Reports. 1889-90. 
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Californva.— University of California. Bulletins and Biennial Reports. 
1875 et seqg.—Reports of Agricultural College. 1888 et seq.— 
And Miscellaneous Pamphlets. 
Lick Observatory. Reports on the Total Eclipse of the Sun of 
January 1889. 
Cambridge.—Philosophical Society, Transactions. Vol. XV. 1. 1891. 
4to.—Proceedings. 1890-91. 8vo. 

Cambridge (U.S.).—Harvard College—Museum of Comparative Zoology 
at Harvard College, Annual Reports. 1888-89, 1889-90.— - 
Bulletin. Vecls. XVIII.-XXI. 1889-91. 8vo.— Memoirs. 
Vol. XVI., No. 3. Genesis of the Aretide, by A. Hyatt. 
1890. 4to—Vol. XVII, No. 1. The Immature State of 
Odonata, Part 3. Sub-family Cordulina, ih Louis Cabot. 


1890. 4to. 
Bulletins. Vols. V., VI. 1890-91.—Circulars. Vols. 


Annals of the Astronomical Observatory at Harvard College. 
Vols. XXI. 1, 2, XXIT., XXII. 1, XXIV., XXVIT., XXX. 1. 
1888-90. 
Canada. —The Royal Society of Canada, Proceedings and Transactions. 
Vols. VIL, VIII. 1889-90. 
Geological Survey of Canada. Reports of Progress, 1887-88, 
1888-89. 8vo. Canadian Paleontology, by J. F. Whiteaves. 
Vol. I. 3, Vol. TIT. 1. 1891.—Micro-Paleontology of Cambro- : 
Silurian Rocks. 1883.—Descriptive Catalogue of Canadian 
Plants... Pt. 5. Acrogens, by J. Macoun. 1890.—From the 
Government of the Dominion. . 
Canadian Society of Civil Engineers, Transactions, Vol. IV. 
| 1891. 
- Cassel.—Verein fiir Naturkunde, Bericht. 1889-90. | 
Catania. —Atti dell’ Accademia Gioenia di Scienze Naturali. Ser. 4+, 
| Tom. I., II. 1889-90. 4to. 
Bolletino Mensile. Fas. 11-22. 1890-91. 
Chapel Hill, North Carolina.—J ournal of E. Mitchell Scientific Society. 
1888-90. 
Cherbourg.—Mémoires de la Société Nationale des eae Naturelles et 
Mathématiques. Tome XXVI. 1890. 8vo. 
““Christuania.—Norske Gradmalings Kommission, Vandstands-observa- 
tioner. Hefte 5, 6,7. 1887-90. 
Forhandlinger i Videnskabs-Selskabet. 1889-90. 
Jahrbuch des Norwegischen Meteorologischen Instituts. 1888. 
Viridarium Norwegicum. Bd. III. 1889. 4to. 
Den Norske Nordhavs-Expedition. Zoologi. XIX. Actinida, 
ved D. C. Danielssen. 1890. 4to.—XX. Pycnogonidea, ved 
G. O. Sars. 1891. 4to. 
Nyt Magazin. Bd. XXXII. 1890-91. 8vo. | 
Cincinnatt.—Cincinnati Society of Natural History, Journal. Vol. XIII. 
1890-91. 
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Cincinnatt.—University Observatory. Publications. No. 10. Micro- 
metrical Measurements of Double Stars.—No. 11. Charts and 
Micrometrical Measures of Nebule. 

Colorado.—Scientific Society, Proceedings. Vol. III. 1889. 

Copenhagen.—Mémoires de Académie Royale de Copenhague. Classe 


des Sciences. 6° Série. Vols. VI. 1,2; VII. 1,2. 1890-91" 


Oversigt over det Kongelige Danske Videnskabernes Selkabs 
Fordhandlinger. 1890-91. 8vo. 
Videnskabelige Meddelelser fra Naturhistorisk Forening. 1889- 
90. 
Cordoba (Republica Argentina).—Boletin de la Academia Nacional de 
, Ciencias de Ja Republica Argentina. Tom. X. 3. 1890. 
Resultados del Observatorio Nacional Argentina. Tomo XI. 
Observaciones del dno 1878.—Tomo XII. Observaciones del ano 
1879. 4to. 
Cornwall.—Transactions of the Royal Geological Society of Cornwall. 
Vol. XI, Pt. 4. 1890. 
Journal of the Royal Institution of. Cornwall. Vol. X. 1890-91. 
Cracow. —Bulletin International de V Académie des Sciences. 1890- 
1891. Nos. 1-8. 
Dantzic.—Schriften der Wateriaiichenden Gesellschaft. Bd. VII. 3, 4. 
1890.—H. Conwentz. Monographie der Baltischen Bernstein- | 
biume. 1890. 4to. 


Delft.—Annales de Ecole Polytechnique. Tomes V., VII. 1. -1889- 


91. 4to. | 

Denison University. (Granville, Ohio). Bulletin of the Scientific 
Laboratories. Vols. 1.-V. 1875-90. 
Scientific Association, Memoirs. Vol. I., Pt. I. 1877. 


| Dijon.—Mémoires de PAcadémie des Sciences, Arts et Belles-Lettres. | 


‘Aieme Série. Tome lI. 1888-89. 
Dorpat.—Inaugural Dissertations. 1889-90. 
Meteorologische Beobachtungen. 1889. 8vo. 
Dublin.—Royal Irish Academy Proceedings (Science). Series III., Vol. I. 
1890-91.—Transactions of the Royal Irish Academy (Science). | 
‘Vol. XXTX., Nos. 12-16. 1890-91. 
Memoirs.” Nos. 5,6. 1890. 
The Scientific Proceedings of the Royal Dublin Society. ew 
Series.) Vols. VI., VIL 1,2. 1890-91. 
The Scientific Transactions of the Royal Dublin Society. Vol. 
| IV. 6-8. 1890-91. | | | 
Dundee.—University College. Studies from the Museum of Zoology. 
| No. 6. 1890. 
Edinburgh.—Transactions of the Royal Scottish Society of Arts. Vol. 
XII. 3, 4. 1890-91. 8vo. 
Highland and Agricultural Society of Scotland’s Transactions. 
5th Series. Vols. II., III. 1890-91. 
Transactions and Proceedings of the Botanical Society. Vols. 
XVITI.-XIX. pp. 1-88. 1891. 8vo. 
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Edinburgh.:—Fishery Board for Scotland, Eighth and Ninth Annual — 


Reports. 1889-90. 
Scottish Geographical Society. Vols, VI., VII. 1890-91. 8vo. 


Transactions of the Edinburgh Geological Society. Vol. VI. 1, 2. 


1890. 8vo. 
Journal of the Scottish Meteorological Society for 1889. 8vo. 
_ Royal Observatory. Catalogue of the Crawford Library. 1890. 
4to.—Edinburgh Circulars. Nos. 18-21. 1891. 


Proceedings of the Royal Physical Society. Sessions 1888-89, 
1889-90. 8vo. 


Royal College of Physicians. Laboritory Reports. Vol. TIT. 1891. 


Monthly and Quarterly Returns of the Births, Deaths, and Mar- 
riages registered in Scotland, 1890-91.—F’rom the Registrar- 


General. 
Ekatherinebourg.—Bulletin de la Société Ouralienne d’Amateurs des 
Sciences Naturelles. Tome XII. 1. 1890. 
Erlangen University.—Inaugural Dissertations. 1889-90, 1890-91. 
Physicalisch-Medicalische Societit. 1889-91. 


Essex Field Club.—The Journal of es Essex N aturalist). Vols. IV., V. 
1890-91. 8vo.— 


Essex Institute (U.S.).—See Salem. 
Frankfurt-a-M.—Abhandlungen herausgegeben von der Senckenberg- 


4to. 
Berichte tiber die Senckenbergische Naturforschende Gesellschaft. 
Bd. fiir 1889, 1890. 8vo. 
Frankfurt-am-Oder.—Naturwissenschaftlicher Verein, Sdécietatum Lit- 
terae. 1889-91.—Helios. Bd. V.-IX. 1888-91. | 
Geneva.—Mémoires de la Socidté de Physique et d’Histoire Naturelle. 
Tomes XXX., Pt. 2, 1890; XXXI. 1, 1890-91. 
Genoa —Annali del Museo Civico di Storia Naturale. (Il Marchese G. 
Doria, Direttore.) Vol. VI.-IX. 1888-90. 


Giessen.—-Berichte der Oberhessischen Gesellschaft fiir und Heil- 


kunde. Bd. XXVII. 1890. 
University Inaugural Dissertations. 1889-90, 1890-91. 
Glasgow.— Proceedings of, the Philosophical Society of Glasgow. Vol. 
XXI. 1889-90. 


Transactions of the Geological Society of Glasgow. Vol. IX. 1. 
1888-90. 8vo. | | 
Géttungen —Abhandlungen der Konig]. Gesellschaft der Wissenschaften. 
XXXV., XXXVI. 1888-90. 

‘Nachrichten von der K. Gesellscliaft der Wissenschaften und der 
_ Georg-Augustus-Universtat, aus den Jahren 1890. 8vo. 
Gelehrte Anzeigen. 1890-91. 

Graz.—Mittheilungen “des Naturwissenschaftlichen Vereines fiir Steier- 

mark. Jahrg. 1888, 1889. 8vo. 


Greenwich Royal Observatory.—Spectroscopic and Photographic Results. 
1888, 1889. 4to. 


ischen Naturforschenden Gesellschaft. Bd. XVI, 1890-91. 
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(freenwich Royal Observatory.—Astronomical, Magnetical, and Meteoro- 
logical Observations. 1887, 1888. 4to. 

Haarlem.—Archives Néerlandaises des Sciences Exactes et Naturelles, 
publides’ par la Société Hollandaise 4 Harlem. Tomes “<XIV., 
XXV.1, 2. 1890-91. 8vo. 

_ Oeuvres Completes de Christian Huygens publiées par la 

Hollandaise des Sciences. Vol. III. 1890.—From the Société 
Hollandaise des Sciences & Harlem. 
Archives du Musée Teyler. Serie IT., Vol. III. 3-6.° 1890. — 

_ Teyler’s Godgeleerd Genootschap. N. Serie. 12° Deel. 1890. 
Halifax (U.S.).—Proceedings and Transactions of the Nova~ Scotian 

Institute of Science. Vol. VII. 3, 4. 1888-90. 8vo. | 
lalle—Nova Acta Academiz Caesareae Leopoldino-Carolinae Ger- 
manicae Naturae Curiosorum. Tom. LIIL, LIV. 1889-90. 
Leopoldina, amtliches Organ der K. Leopold-Carolinisch- 
Deutschen Akademie der Naturforscher. Heft XXIV., XXV. 
1888-89. 4to. 
Mittheilungen des Vereines fiir Erdkunde. 1890-91. 8vo. 

Hamburg.—Abhandlungen aus dem Gebiete der Naturwissenschaften, vom 

Naturwissenschaftlichen Verein. Bd. XI. 1889-91. 

Verein fiir Wissenschaftliche Unterhaltung. Bd. VII. 1889-9v. 

Helsingfors. —Acta Societatis Scientiarum Fennicae. XVII. 
1889-91. 

Ofversigt af Finska Vetenskaps- -Societetens Forhandlingar. Bd. 

XXX. -XXXII. 1887-90. 8vo. 

Bidrag til Kéannedom af Finlands Natur och Folk, utgifna 
af Finska Vetenskaps ‘Societeten. Hafte 48-50. 1889-91. 
8vo. 

Acta Societatis pro Fauna et Flora Fennica, Meddelanden. 1888, 
1889. 

Société de Géographie de Finlande: Fennia. II., III. 1890. 
Hongkong Observatory.—Observations and Researches during 1889-90, Fol. 
Indian Government, Calcutta—Geological Survey of Fadia. -—Records. 

Vols. XXIII, XXIV. 1890-91.-—Memoirs. XXIII, XXIV. 
1890-91. —Palscontologica Indica. Series XIII. Salt Range 
Fossils. Vol. IV. 1, 2.—Geological Results. 1890-91. | 

Scientific Memoirs, by Medical Officers of the Army of india. 
Pts. 5-6. 1890-91. 

Land and Freshwater Mollusca of India, ed. by Lieut.-Col. i. H. 
Godwin-Austen. Pts. 1-6, and Plates. London, 1882-87. 4to, 

Catalogue of the Mammalia, Birds and Lepidopterous Insects in 

~ the East India Company’s Museum. Three Vols. 1851-59. 

A Catalogue of Maps, Plans, &c., of India and Burma, and other 
Parts of Asia. London, 1891. 4to. 

A List of the Principal Indian Government Publications 
London, 1891. 4to. 

Archeological Survey of India. —Reports. -1889-90.—Epigraphia 
Indica. Pts. 4-7. 1890. | 
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Iowa.—State University. Bulletin of the Laboratories of Natural 
History. Vols. I., 11.1. 1890. 
Japan.—Transactions of the Seismological Society. Vols. XIV., XV. 
1890. 
Journal of the College of Science of the University of Tokio. 
Vols. III., IV. 1. 1890-91. 


Mittheilungen aus der Medicinischen Facultit der Kaiserlich- 


J apanischen Universitat. 1890. 8vo. 
Mittheilungen der deutschen Gesellschaft fiir Natur- und Vol- 
kerkunde Ostasiens zu Yokohama. Hft. XL.-XLVI. 1890-9]. 


_Jena.—Jenaische Zeitschrift fiir Naturwissenschaft, herausgeben von der 


Medicinish-Naturwissenschaftlichen Gesellschaft zu Jena. Bde. 
XXIV.-XXVI. 1,2. 1890-91. 

Kiel.—Schriften der Universtaét zu Kiel. Inaugural University Disser- 
tations. 1889-90, 1890-91. 


Commission zur Wissenschaftlichen Untersuchung der Deutschen © 


Meere. Berichte. 1877-89. 
Ergebnisse der Beobachtungsstationen. 1873-90.. 
“Atlas Deutscher Meeresalgen. Heft 1,2. 1889-91. 


Kiev University. Isvyaistiya. XXX,, XXXI. 


1890-91. 


Lausanne.—Bulletin de la Société Vaudoise des Sciences Naturelles. 


| 3° Série. XXV. 1890-91. | 
Leeds.—Philosophical and Literary Society Reports. 1889-91. 8vo. 
Letpzig.—Berichte tiber die Verhandlungen der Konig]. Siachsischen 
Gesellschaft der Wissenschaften. “Math. Phys. Classe. 1890-91. 
1, 2.—Philologisch-Historische Classe. 1890-1891. 1. 8vo. 


Abhandlungen der Math.-Phys. Classe. Bd.XVI., XVII. 1890-_ 


91.—Phil. Hist. Classe. Bd. XII. 1890. 8vo. 
Fiirstlich Jablonowski’sche Gesellschaft. Preisschriften. 
1889 ; XXVIII., 1890. 
Sitzungdberichte der Naturforcfhenden Gesellschaft. 1888-90. 
Leyden.—Nederlandsche Dierkundige Vereenigings Tijdschrift. 1890. 
| Sternwarte. Annalen. Bde. V., VI. 1890. | 


~ Lille.—Société Géologique du Nord. Annales XVI. 1888-89. 8vo. 


Memoires. Tomes I. 1,2,3. II. 1., III. 1876-89. 


Société Géologique °» Nord. Esquisse Géologique du Nord de la 
France. Fasc. 1- 1880-83. 


Université de France, i avaux et Mémoires. Tom. I, ‘IL 1889- 
91. 


Liverpool,—Biological Society. Vols. IV., V. 1889-91. 


Literary and Philosophical Society Proceedings. Vols. XLI I.-. 


XLIII. . 1887-89. 
Lisbon.—Boletin da Sociedade de Geographia. 1890-91. 
London.—Proceedings of the Society of Antiquaries. Vol, XIII. 1890- 
91. 


Archeologia; or Miscellaneous Tracts relating to Antiquity. 
Vol. LII., Pts. 1,2. 1890. 4to. 
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London.—Journal of the Anthropological Institute of Great Britain and 
Ireland. Vol. XX. 1891. 8vo. | 
_ Journal of the Society of Arts. 1890-91. 8vo. 

Nautical Almanac and Astronomical Ephemeris for the Year 
1894.—From the Lords of the Admiralty. 

Monthly Notices of the Royal Astronomical Society. Vol. LI. 
1890. 8vo.—Memoirs of the Royal Astronomical Society. 
Vol. XLIX. 2. 1890. 4to. 

Journal and Abstracts of Proceedings of the Chemical Society. 
1890-91. 8vo. 

Journal of the Society of Chemical hidaiee. 1890-91. 

Transactions of the Clinical Society of London. Vols. XXIII. “ 
XXIV. 1889-91. | 

Minutes of Proceedings of the Institution of Civil Engineers. 

Vols. XCVIII.-CVI. 1890-91. 8vo. 
_ Engineering Education in the British Dominions. 1891. 8vo. 
_ Institution of Mechanical Engineers, Proceedings. 1890-91. 8vo. 

Proceedings of the Royal Geographical Society. New Series. 

Vols. XIT., XIII. 1890-91. 

Quarterly J ournal of the Geological Society. Vols. ‘XLVI, 
XLVII. 1890-91—Abstracts. 1890-91. | 

Proceedings of the Geologists’ Association. Vol. XII. 3, 4. 1890- 

Horticultural Society, J ourmal. Vols. IX.-XIII. 1887-91. 

Journal of the East Indian Association. Vol. XXII. 1887-88. 

Journal of the Linnean Society. iia, Vol. XXIII. 
1890-91.—Botany. Vols. XXVII.-XXIX. 1890-91. 8v0.— 
Proceedings. 1887-88. | 

_ Transactions of the Linnean Society. Second Series.—Botany. 
Vol. III. 2, 3. 1891.—Zoology. Vol. V. 4-7. 1890-91. 
4to. 

Royal Society of Literature, Transactions. Vols. XIIT., XIV. 

Proceedings of the London Mathematical Society. Vols. XXI.,.. 
XXII. 1890-91. 8vo. 

Medical and Chirurgical Transactions published by the Royal 
Medical and Society, Vols, LXXII, 
1889-90. 8vo. 

Royal Meteorological Society. —The Meteorological Record: 
Monthly Returns of Observations made at the Stations of the 


Meteorological Society. Nos. 35-40. 1890-91. 
Quarterly Journal of the Meteorological Society. Vols. XVI, 
XVII. 1890-91. 


Meteorological Office. —Report of the Meteorological Council to the 
Royal Society. Reports for Years ending 31st March 
1889, 1890. | 
Quarterly Weather Report of the Meteorological Office 
for 1880. New Series. 4to. | 
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London— 

Meteorological Office.—Meteorological Observations at Stations of 
Second Order for 1886-87. 4to. 

Hourly Readings. 1887. 
Weekly Weather Reports. Vols. VIL, VIII. 1890-91. 
Meteorological Observations made at Sanchez (Samana 
Bay), St Domingo, 1886-88, by W. aa, M.D. 
1890. 4to. 
Daily Weather Charts to Illustrate the Pincha of two 
Cyclones in the Arabian Sea. 1891. 4to. 
_ Cyclone Tracks in the South. 
Indian Ocean. 1891. Fol. 
Meteorological Charts of the Portion of the Indian Ocean “ 
Adjacent to _ Guardafui and Ras Hafin. 1891. 
Fol. 

Journal of the Royal Microscopical Society, containing its 

Transactions and Proceedings. New. Series. 1890-91. 

The Mineralogical Magazine ‘and Journal of the Mineralogical 
Society of Great Britain and Ireland. Nos. 41-43. 1890-91. 
8vo. 

British Museum. of Fossil Reptilia and Amphibia, 
by Richard Lydekker. Parts IIL., TV. 1890-91. 

Catalogues :—Birds (Passeri formes). XIII. Sturni- 
formes. 1890.—XV. Tracheophone. 8vo. 1890.— 
Picariz Scansores. 8vo. 1890.—Fossil Fishes. Pt. 

1891.—Fossil Cephalopoda. Pt. II, 1891.-—Fossil 
Birds. 1891.—British Oligocene and Eocene Mollusca. 
8vo. 1691.—Illustrations of Lepidoptera Heterocera. 
Pt. VITL 1891. 4to. | 

Pathological Society, Transactions. Vols. XL., XLI. 1889-90. 

Philological Society, Transactions. 1888-89. 2, 3. 

‘Pharmaceutical Society, Journal. 1890-91. 

Philosophical Transactions of the Royal Society. Vols. CLXXX., 
CLXXXI. 1889-90. 4to.—Proceedings of the Royal Society. : 
Vols. XLVII.-XLIX. 1890-91. 8vo. 

Proceedings of the Royal Institution of Great Britain. 1890-91. 

Journal of the Statistical Society. Vols. LIII., LIV. 1890-91. 
8vo. 

Transactions of the Zodlogical Society of London. Vol. XIII, 
Nos. 1-3. 1891. 4to. —Proceedings for the Years 1890-91. 
8vo. | 

Louvain.—Université. Publications rac 1890-91. 

Lund.—Acta Universitatis Lundensis. Mathematik och Naturvetenskap. | 
Tom. XXV. 1888-89.—Theologi. Tom. XXV. 1888-89.— 
Medecina. Tom. XXV. 1889-90. — Philosophi, &e. Tom. 
XXV., XXVI. 1888-90, 

Lyons.—Musée Guimet.. Annales. Tomes XV.-XVII. 1889. —Revue 
de l’Histoire des Religions. Tomes XX.-XXII. 1890-91. 
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Madras. —Observatory. Meteorological and Magnetical on 
1868-70. 1890. 4to. 
Madrid.—Memorias de la Comisién del Mapa Geoldgico de Espaiia. 
Tom. II. Provincia de Soria. 1890. 4to. 
Boletin de la Comisién del Mapa Geologico de Espafia. ‘Tom’ : 
XVI. 1889.—From the Commission. 


Manchester.—Transactions of the Manchester Geological Society. Vol. 


XXI. 1890-91. 

Literary and Philosophical Society, Memoirs and Proceedings. 
(N.S.) Vols. IIL, IV. 1890-91. 

Microscopical Society, Transactions. 1889-90. 


 Marseilles.—Bulletin de la Société Scientifique Industrielle. 1890-91. 


Mexico.—Sociedad cientifica “ Antonio Alzate.” Memorias. Tomos III, 
lV. . 1890-91. 
Observatorio Meteorol Central. Boletin Men- 
sual. 1889-90. 


| Milan. —Reale Istituto di Scienze e Lettere. Memorie: Classe di 


Scienze Mat.e Nat. Vol. XVI. 2. 1889.—Classe di Lettere e 
Scienze Morali e Politiche. Vol. XVIII. 2. 1890. : 

Rendiconti. XXI., XXII. 1888-89. 

Atti della Societa at Scienze Naturali. Vol. XXXI. 
1888-89. 8vo. 

Pubblicazioni del Reale eke di Brera in Milano. XXXVI. 
XXXVII. 1890. 4to. 


Minnesota.—Geological and Natural History Annual Reports, 


5th-18th. 1876-89.—Bulletins. Nos. 1890-91. 
Modena.—Memorie della Regia Accademia di Scien Lettere ed Arti. 
Ser. IT., Vol. VII. 1890. 4to. 
Montreal. —Natural History Society, Proceedings. Vol. IV. 1890-91. 
8vo. 
Munich.—Abhandlungen der k. Bayerischen Akademie der Wissen- 
: schaften der Mathematisch-Physikalischen Classe. Bd. XVII. 
1,'2. 1890-91.—Philosophisch-Philologische Classe. Bd. XIX. 
1. 1891.—Historische Classe. Bad. XIX. 1,2. 1890.—Sitzungs- 
berichte der Mathematisch- Physikalischen Classe der K. . 
Akademie der Wissenschaften. 1890-91.—Sitzungsherichte der _ 
Philosophisch-Philol. und der Historischen Classe. 1890-91. 
Festreden. 1889-90. 
Naples.—Rendiconti della R. Accademia delle Scienze Fisiche e Mate- 
matiche. Vols. III., TV. 1889-90. 4to. | 
-Mittheilungen aus der Zoologischen Station zu Bd. X. 
1. 1890. 8vo. 


| Nebraska.—Univ ersity Studies. Vol. I. 3. 1890. 
- Newhaven (Conn. U.S.).—Astronomical Observatory of Yale University, 


Transactions. Vol. I, Part II. 1889. 
New York.—State Library. Annual Reports, 67th-72nd. 1884-89. 
_.—Natural History of New York. Paleontology. Vols. V. 2, 
VI., VII. 1885-88.—Annual Reports of the State University, 
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New York— 
78th to103rd. 1885-90.—State Museum. Bulletins. Vols I., 
II. 1887-90. 


Bulletin of the American Museum of Natural History. Vols. 
III. 1890-91. 
American Geographical Society. Vols. XXII, XXIII. 1890-91. 
8vo. | 
Nymegen.—Nederlandsch Kr uidkundig Archief.—Verslagen en Mede- 
deelingen der Nederlandsche Botanische Vereeniging. 2° Seri ie. 
5¢ Deel. Stuk 4. 1891. 
Oberpfalz und Regensburg.—Verhandlungen des _historischen 
Bd. XLITL, XLIV. 1889-91. 8vo. 
Odessa.—N ovorossiiskago Obshestva Estestvoispuitatelei Zapiski. XV. 
1, 2. 1890.—Zapiski Matematicheskago Otdyeleniya. Tome 
XI. 1890. 
Oxford.—Results of Astronomical Observations at the Radcliffe Obeerva- 
tory. XLIV. 1886. 
Palermo.—Hortus Botanicus Panormitanus. Tom. II. Fasc. 6-8. 1890- 
91. 
Societé di Scienze Naturali ed Economiche, Giornale. Vol. XX. 
1890.—Bolletino. 1891. Nos. 1-3. 
Paris.—Comptes Rendus des Seances de Académie des Sciences. 1890- 
91. 4to. 
‘Oeuvres completes d’Augustin Cauchy, publides sous la Direction 
de Académie. 2° Série. Tome VII., VIII. 1889-90. 
Oeuvres complétes de Laplace, publiées sous la Direction de_ 
VAcadémie. Tome VII]. 1891. | 
Lois et Reglements, 1635-1889. Fondations. 
- Reunion du Comité International Permanent pour l’execution 
de la Carte Photographique du Ciel. 1891. 4to. 
Comptes Rendus de l’Académie des Inscriptions et Belles-Lettres 
Tom. XVIII., XIX. 1890-91. 8vo. 
Bulletins de la Société d’Anthropologie. 4° ‘Série. Tome I. 1-3. 
1890-91.—Mémoires. Tome IV. 2. 1891. 
- Annales de Ecole Normale Supérieure. 3° Série. Tomes Vi i. 
VIII. 1890-91. 
Annales des Mines. 1890-91. Sonne 
Société Nationale des Antiquaires, Mémoires. XLIX. 1888.— 
Bulletin. 1888. 
Bulletins des Séances de la Société Nationale d’Agriculture de 
France. 1890-91. 8vo.—Mémoires. Tome CXXXIII. 1890. 
Société de Géographie. Bulletins. 1890-91. —Comptes Rendus. 
1890-91, 
Société Académique Indo-Chinoise de Beanee Mémoires. Tome 
I. 1877-78.—Bulletin. 2¢ Série. TomelII. 1882-83. 
Société Géologique de France. Bulletins. 3¢ Série. Tomes 
XVIII., XIX. 1890-91. 8vo.—Mémoires. 3° Série. Tome 
V. 2, 1890 (Paléontologie), Tome I. 1-3. 
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Paris.—Annales Hydrographiques. 1890-91. Svo. 

Publications du Dépot de la Marine. 1890-91. 

L’Observatotre—Rapport Annuel sur l’Etat de Observatoire de 
Paris, par M. le Contre-amiral Mouchez, pour PAnnée 1889- 
90.—Annales. 1883. —Méemoires. XIX. 1889. 

Journal de Ecole Polytechnique. 58, 59 Cahiers. 1889. 

Bulletins de la Société Mathématique de France. Tomes XVIII., 
XIX. 1890-91. 8vo. 

Ministére de l’Instruction Publique. Dictionnaire de ]’Ancienne 
Langue Frangaise et de tous ses Dialectes du [X* au XV* Siécle. 
Par Frédéric Godefroy. Fasc. 54-61. Paris. 4to. 

Muséum d'Histoire Naturelle. Nouvelles Archives. 3"° Série. 
Tomes I., II. 1. 1890. 

Société Francaise de Physique. Séances, 1890-91.—Collection de 
Mémoires relatifs 4 la Physique. Tome V. 1891. 8vo. | 

Société Philomathique. Bulletin. 8° Série. Tomes I., II., III. 
1-3. 1890-91.—Comptes Rendus. 1890-91. 

Feuilles des Jeunes Naturalistes. Nos. 232-253. 1890-91. 

Bulletin de la Société des Etudes Scientifiques. 1890. 

Société Zoologique. Bulletin. XV., XVI. 1890-91. —Memoires. 

Tomes IIT. 1890-91. | 

Congrés International de Zoologie. Compte Rendu. 1° Session. - 
1889. 

Pennsylvania — Geological Survey—Annual report for 1887.—Northern 
Anthracite Coal-Fields, 5.—Eastern Middle Anthracite Coal- 
Fields, Atlas, Pt. 3.—Dictionary of Fossils. Vol. I. 2, 3.— 
- Southern Anthracite Field, Atlas, 2, 3.—Oil and Gas Fields of 
Western Penn., South Mountain Sheets. 


Philadelphia. American Philosophical Society for Promoting Useful 


Knowledge, Proceedings. Nos, 130-135. 1890-91. 8v0.— 
Transactions. Vol. XVI. 3. 1890. 4to. | 
Proceedings of the Academy of Natural Sciences for 1890. _ 
Wagner Free Institute of Science, Transactions. Vol. III. 1890. 
Plymouth. —Marine Biological Association, Journal. Vol. II.1,2. 1891. 
Poulkova.—Nicolai-Hauptsternwarte. J ahresbericht fiir 1887-89. 8vo. 
Observations. Vol. VIII.—Catalogue d’Etoiles, deduits des Obser- 
vations publiées dans les. Vols. VI. et VII., Supplements II., 
1889-91.—Stern Ephemeriden. 1890-91. 
Prague.—Astronomische, Magnetische, und Meteorologische Beobach- 
~ tungen an der K. K. Sternwarte zu Prag., in 1889-90. 
Abhandlungen der K. Béhmische Gesellschaft. Phil. Hist. Classe. 
Bd. III. 1889-90.—Math. Naturw. Classe. Bd. III. 1889-90. 
—Sitzungsberichte. 1889-90.—Jahresbericht, 1889-90, 
Queensland.—Queensland Branch of the Royal Geographical Society of 
Australasia. Vols. V., VI. 1889-91. 
Observatory. Summaries of Rainfall, Meteorological Synopsis, 
&e. 1889-90.—Weather Charts, by C. L. Wragge, Brisbane. 
1889-90. 
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Rio de. Janeiro. —L Observatoire. Revista, 1890.—Annales. Tome IV. 
1890. 


-I’Observatorio Meteorologico da Reparticéo dos Telegraphos 


Brazil. Boletin Mensaes. Vols. 1.-III. 1886-88. 
Museo Nacional. Archivos. Vol. VII. 1887. 

Rome.—Atti della R. Accademia dei Lincei. Rendiconti. 1890-91.— 
Memorie. Classe di Scienze Mor. Storiche et Filol. Serie IV., 
‘Tom. III.-IX. 1888-91.—Classe di Scienze Fisiche e Naturali. 
Serie IV., Tom. V. 1888. 

MemoriedellaSocieta degliSpettroscopisti Italiani. 1890-91. 8vo. 
Accademia Ponteficia dei Lincei. Atti, anno XLII., XLIII. 
 1890-91.——Memorie. Vols. V., VI. 1889-90. 8vo. 
Societa Italiana d. Scienze (deta dei Als), Memorie. Tomo 
VII. 1890. | 
R. Comitato Geologico. Bolletino. XXI. 1891.-—-Memorie 
descrittive della carta Geologica. V., VI. 1890-91. 

Rousden Observatory.—Meteorological Observations for 1889. 

St Petersburg—Académie Impériale des Sciences. Bulletins. N.S. 
Tomes I., II. 1890-91.—Mémoires.. Tomes XXXVIL, 
XXXVIII. 1890-91. 

Journal Russkago Phisico-Chimicheskago Obtschestva. Tom. 
XXII, XXIIL 1890-91. 8vo. 

Otchet Imperatorskago Russkago Geographicheskago Obtschesty a. 
1889. 8vo. 


Beobachtungen der Russi échen Polarsstationen auf Nowaja — 


Semlja. Theil I. Magnetische Beobachtungen. 1890. 4to. 

Annalen des Physicalischen Central-Observatoriums. J ahre. 
1888-90. 1. 

Repertorium fiir Meteor ologie, herausgegeben von der Kaiser- 
lichen Akademie der Wissenschaften. Bde. XII., XIII. 
1889-90. 8vo. 

Comité Géologique. Bulletins. Vols. VIII, IX. 1889-90.— 
Mémoires. Vols. VIII.-XI. 1888-90. 

Santiago.—Deutscher Wissenschaftlicher Verein. Verhandlungen. Ba. 

| II. 1889-90. 

Stockholn—Kong. Vetenskaps Akademien.—Ofversigt. Vols. XLI. Xx LV. 
1884-88.—Handlingar. Bde. XX., XXI. 1882-85.—Bihang 
til Handlingar. Bde. IX. _XIIL 1884-88. 


ningar. Bde, II. 1885.— niet Jakttagelser. Bde. 


XXII.--XXVI. 1880-84. ; 
Observatorium. Astronomiska J shih Bde. III. 1888. 
Strasbourg University—Inaugural Dissertations. 1888-89, 1890. 
Stuttgart.—Jahreshefte des Vereins fiir vaterlandische Naturkunde in 
Wiirttemberg. Jahrg. 1890-91. 


Switserland, —Nouveanx Mémoires de la Société Helvétique des Sciences 


Naturelles. Band XXX. 2, XXXI., XXXII. 2. 1890.. 
Comptes Rendus et Actes de la Société Helvétique des Sciences 
N atureiles, réunie 4 Lugano, 1889, et 4 Davos, 1891. 
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Switzerland.—Das Schweizerische Dreiecknetz. Bd. V. 1890. 
Sydney.—The Proceedings of the Linnean Society of New South Wales. 
Second Series. Vols. IV., V. 1890-91. 8vo. 
Journal and Proceedings of the Royal Society of New South Wales. 
Vols. XXIII, XXIV. 1889-90. 8vo. 
Australian Museum. Memoirs.- No. 2.—Records. Vol. I. 
Nos. 1-9. 1890-91.—Catalogues. 1887-89. | | 
Department of Mines. Memoirs (Paleontology). Nos. 3-8. 
1890-91.—Records, Vols. I, II, 1889-91.—Annual Report 
1890, 
Tacubaya.—Observatorio Astrotiomico. Annuario 1890-91.—Boletin. 
Tome I. Nos. 1-6. | 


Tasmania.—Royal Society, Proceedings. 1889. 8vo. 


Throndhjem.—Kgl. Norske Videnskabers Selskab. Skrifter. 1870-87. 
Tiflis—Magnetische und Meteorologisché Beobachtungen. 1887-89. 
Toronto.—Canadian Institute. Canadian Journal and Proceedings. N.S. 
VII. 1890. 8vo.—Transactions. Vol. I.1,2. 1890-91. 
Svo. 
Toulouse.—Académie des Sciences. Mémoires. 9*Série. Tom. I., II. 
1889-90. 
Faculté des Sciences. Annales. Tom. Til., IV. 1889-91. 
Trentow.—Journal of the Natural History Society. 1889. | | 
Trveste—Museo Civico di Storia Naturalé, Atti. Vols. VII. VIII. 
1884 -90. 
Tromsé.—Tromsé Museum: Aarshefter. No. XIII. 1890. 


Tubingen University—Inaugural Dissertations. 1888-90. 


Turin.—Reale Accademia delle Scienze di Torino. Memorie. Serie 
Seconda. Tom. XL., XLI. 1890-91. 4to. —Atti. 
XXVI. 1889-91. | 

Bolletino dell’ Osservatorio della Regia Universita di Torino. 

Anno 1888-90. 

Bolletino di Zoologia ed Anatomia Comparata della Universita 
di Torino. Vol. Vv. 1890-91. 

Upsala.—Bulletin Météorologiqne Mensuel de Observatoire de 

Université d’Upsal. Vols. XXI., XXII. 1889-90. 4to. 
Nova Acta Regis Societatis Scientiaram Upsaliensis. Ser. 3°, 
Vol. XIV. 1890-91. 
University. Arsskrift. 1861-1890. —Inaugural Dissertations 
(Medical and Scientific). 1860-1891. 


— Utrecht.—Verslag van het Verhandelde in de Provinciaal Utrechtsch 


Genootschap van Kunsten en Wetenschappen. 1889-90,— 
Aanteekeningen van het Provinciaal Utrechtsch Genootschap. 
1889-90. 8vo.—Prize Essays. 1889-90. 

Venlo —Atti del Reale Istituto Veneto di Scienze, Lettere ed Arti. 
Ser. VII., Tom. I. 1889-90. 

Victoria—Royal Society of Victoria.—Proceedings. N.S. Vol. IT. 1890. 

Natural History of Victoria. Prodromus of the Zoology of 

Victoria. Decades 18-20. 1889-90.—Froim the Government. 
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Victoria.—Victorian Year-Book for 1889-90. 

Vienna.—Denkschriften der Kais. Akademie der Wissenschaften. Math.- 
Naturwissenschaftliche Classe. Bde.f{LVI., LVII. 1889-90.— 
Philosophisch-Historische Classe. Bde. XXXVII, XXXIX. 
1889-90. 

Sitzungsberichte der Math. Siiniclninsibiiliiabiiaain Classe. 
Bde. XCVIII.-XCIX. 1889-90.— Philosoph.-Historische Classe. 
Bde. CXIX.-CXXIII. 1889-90. 

Almanach der K. Akademie der Wissenschaften. 1890. 8vo. 

Prihistorische Commission. Bd. I. No.2. 1890. | 

Jahrbiicher der K. K. Central-Anstalt fiir Meteorologie und 
Erdmagnetismus, Neue Folge ; fiir 1888, 1889. 4to. | 

Verhandlungen der K. K. Gédlogiochen Reichsanstalt. 18y0-91. 

Abhandlungen der K. K. Geologischen Reichsanstalt. _ XITI.- 
XV. 1890-91. | 

Jahrbiicher der K. K. Geologischen Reichsanstalt. Bde. 
XL. 1890-91. 

Verhandlungen der K. K. Zoologisch-Botanischen Gesellschaft. 
Bde. XL., XLI. 1890-91. 

Annalen der K. K. Naturhistorischen-Hofmuseums. ‘Bde. V. 
VI. 1890-91. 

 Arbeiten aus dem Zoologischen Institute. Tom. IX. 1891. 

K.K. Gradmessangs-Bureau. Astronomische Arbeiten. Bde. I. IT. 

Virginia University—Annals of Mathematics. Vol. VI. 1890-91. 
M‘Cormick Observatory. Vol. I. 4,5. 1889-90. 
Washington.—National Academy. of Sciences. Memoirs. Vol. IV. 
2. 1890. | 

Astronomical Papers of the Ameriean and Nautical 
Almanac. Vol. II. 5, and Vol. IV. 1890. 

Signal Service Office.—Reports of Chief Signal Officer. 1889-91. 
8vo.—Bibliography of Meteorology. Parts 3,4. 1891. | : 

Seventh to Ninth Annual Reports of the United States dean 3 
Survey. 1885-88. 8vo. 

Bureau of Ethnology. Fifth and Sixth Annual Reports, 1883-84, 

1884-85. | 

U.S. National Museum. Bulletin. N os. 38 and 39. 1890-91.-— 
Proceedings. Vols. XTI-XIV. 1890-91. 

U.S. Naval Observatory, Observations. 1884-85. —Reports, 1889, 
1890. 

U.S. Department of Agriculture. (Division of Economic Ornitho- 
logy and Mammalogy.) North American Fauna. Nos. 1-4. 
1890-91.—Bulletin. No.1. 1889. | 

United States Geological Survey. Monozraphs. Vols. I., 
XIIL-XVI. 1887-1890—Bulletins, 1890-91. 8vo. —Mineral 
Resources. 1888. 

Reports of the Superintendent of the United States Coast Geodetic 
Survey during 1888 and 1889.—Bulletins. Nos. 14-24. 1890- 
91. | 
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Washington.— United States Commission of Fish and Fisheries. Report. 
1886.—Bulletin. VII., VIII. 1887-88. 8vo. 
Smithsonian Miscellaneous Collections. Vol. XXXIV. 1891. 
Svo. 
Smithsonian Contributions to Knowledge. Vol. XXVI. 1890. 
Smithsonian Reports for 1887-89. &vo. 
Index to Catalogue of the Library of Surgeon-General’s Office. 
Vol. XI. 1890. 4to. 
W ellington.—Transactions and Proceedings of the New Zealand Institute. 
Vols. XXII., XXIII. 1890. 
Colonial Museum and Geological Survey. Twenty-Fourth and 
Twenty-Fifth Annual Reports. 1888-90.—Reports cf Geological 
Explorations (New Zealand) during 1888-89, with Maps and 
Sections. 8vo.—And other Publications of the Museum. 
Studies in Zoology for New Zealand Students. No. 4, 1890. 
Statistics of New Zealand. 1888-89. — 
Yarkand Mission, Coleoptera. Pp. 1-79. 1891. 


Wisconsin University.— Washburn Observatory. VI, Vil. 


1890-91. 


Yorkshire.—Geological and Polytechnic Society. Vol. XI. 2,3. 1890-91. 
Philosphical Society. 1889-90. 


der Schweizerichen Meteorologischen Central-Anstalt 


fiir 1888. 


Naturforschende Gesellschaft. ‘Vierteljahrsschrift. Jahrg. 34-36. | 
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II. Donations FROM AUTHORS TO THE LIBRARY OF THE ROYAL 
SOCIETY DURING 1890. 


Backhouse (T. W.), F.R. A. S. Publications of West Hendon House 
Observatory, Sunderland. No. 1. The Structure of the Sidereal 
Universe. Sunderland, 1891.  4to. 


- Bergbohm (Dr Julius). Neue Rechnungsmethoden der hohern Mathe- 


matik, Stuttgart, 1891. 8vo. 

Dalgleish (W. Scott). "The Cruise of the Royal Mail Steamer “ Dunottar 
“Castle ” round Scotland on her Trial Trip. Edinburgh, 1890. 
8vo.—From Sir Donald Currie. 

Fraser (Col. A. T.). Darkness and Light in the Land of Egypt. 
London, 1891. 8vo. 


Gulland (G. Lovell), M.D. The Development of Adenoid Tissue, with. 


Special Reference to the Tonsil and Thymus. (Lab. Reports, 
R.C.P.E.) Edinburgh, 1891. 8vo. 

Haeckel (Ernst). Anthropogenie, oder Entwickelungsgeschichte des 

Menschen: Keimes- und Stammes-geschichte.—Theil I. Keimes- 

geschichte.—Theil II. Stammesgeschichte. Leipzig, 1891. 8vo. 

Hale (George E.), BSc. The Ultra-Violet Spectrum of the Solar 
Prominences. London, 1891. 8vo. 
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Hann (Dr Julius). Die Veranderlichkeit der Temperatur in Osterreich. 
Wien, 1891. 4to. 

Lindsay (Rev. James), M.A., &c. Notes on the Geology of Ayrshire. 
Glasgow, 1890. 8vo. 

Some Basic Dykes in Ayrshire. iaiaes 1891. 8vo. 

M‘Call (Hardy Bertram), F.S.A. Scot. Some Old Families: a Contri- 
bution to the Genealogical History of Scotland. Birmingham, 
1890. 4to. 

Marie (M. Maximilien). Note sur un Mémoire de M. Henri Poincaré 
relatif aux Résidus des Intégrales Doubles. Paris, 1891. 8vo. 
Munro (Robert), M.D. The Lake-Dwellings of Europe: being the 

Rhind Lectures on Archzology for 1888. London, 1890. 8vo. | 

Philip (R. W.), M.D. Pulmonary Tuberculosis: Etiological and Thera- 
peutic. Based on an Experimental Investigation. Edinburgh, 
1891. 8vo. 

Romanes (John). Some Thoughts on Subj ects Astronomical, Edin- 
burgh, 1890. 8vo. 

The same. Second Edition, with Notes. Edinburgh, 1891. 8vo. 

Sawyer (Sir James), M.D. Contributions to Practical Medicine. Second 
Edition. Birmingham, 1891. 8vo. 


- Scrymgour (E. P.), B.A. Hegel’s Philosophical Position, with other 


Two Essays on the Real Essence of Religion, and on Desire and 
Will. London, 1891. 8vo. 

Perception and Conception, and Cause and Personality. Two 
Essays. London, 1889. 8vo. 


Terry (James). ‘Gomipineed Anthropoid Ape Heads. New York, 1891. 
4to. 
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OBITUARY NOTICES. 


Archibald Campbell Swinton of Kimmerghame. By 
- The Right Hon. Lord Moncreiff of Tulliebole. 


I am desirous of placing on the records of the Royal Society, in 


the shape of an obituary notice, a slender memorial of a very early, 


a very constant, and a very distinguished friend, who at his death, 


on the 27th November of last year, was one of the oldest members 
of this Society. The subject of my memoir is the late Mr Archibald 

Campbell Swinton of Kimmerghame, who was admitted a member 
- in 1844, and died in his 78th year. He was possessed of a character 
and abilities which, although not conversant with much public dis- 


play, were not only of solid power, but of the more ethereal element, 
and which, had his surroundings required or prompted, might have — 


raised him to great eminence. It may truly be said of him, though 
_ the saying is commonplace, that he touched nothing in his long, 
busy, and useful life which he did not adorn. Perhaps ease, by 


itself, may have tended to repress the genial current of his soul, as — 


. for the last five and twenty years of his life the position of an 
active, cultured, and energetic country gentleman was that which 
fate had prepared for him; but he had a buoyancy and vivacity 
of intelligence which would have lighted up the most common- 
place occupation, and would have asserted itself in the dingiest of 
surroundings, | 
He came of an ancient and honourable house, who were territorial 


magnates in the south of Scotland through many centuries, and are | 


mentioned as having taken part in many public events in a work sub- 
stantially compiled by the subject of this memoir, called The Swintons 
of that Ilk. In that volume the family, and the history of the 


descent of their estates, as well as of the collateral branches, are © 


very clearly deduced, and as a piece of historical reading it is 
3 a 
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interesting and even amusing. It starts about the thirteenth 
century, and brings the narrative down through more than a score 
of descents to comparatively recent times. There were members of 
the family to be found in all positions which the well-born Scot 
frequented or patronised.in those days. There were Swintons in 
the army and in the navy, at the Scottish bar and on the Scottish 
bench, in the French Guard, and in the historic feuds and frays 
of their borderland. . Scott mentions the chief of the Swintons as 
engaged in the battle of Otterburn— 
‘¢ When Swinton laid his lance in rest, 
Which tamed of yore the sparkling crest 
Of Clarence’s Plantagenet.” 

One could construct an interesting paper out of the materials con- 
tained in this volume. Some of the passages are marked by a certain 
crim humour. One of the most eccentric of the Swintons, who are 
commemorated and passed in array in this volume, is one John 
Swinton of Swinton, who flourished, if he could be said to flourish, 
during the Commonwealth and the subsequent troubles. A strong. 
self-willed, and restless man, who fought and did not fight, now 
with the Covenanters and now with the Royalists, and at last, as 
he seemed to agree with neither, compromised matters by becoming 
a Quaker, and undergoing many persecutions in consequence. 
Among other visitations he was attainted as a traitor, but the 
attainder was recalled in favour of his son. H¢ is said to have 
been high in the confidence of Cromwell. John Swinton, the father 
of Mr Campbell Swinton, was descended from the fourth son of this 
John Swinton of Swinton, named Archibald, who in his younger 
years had repaired to India, and on his return purchased the estate 
of Kimmerghame, which had belonged to a family of Hume. 

In 1829 the family estate of Swinton was sold, for the first time 
in 700 years. It was purchased by Mr George Swinton, one of 
the old family. John Swinton had been ‘intended for the Bar, 
but he ultimately entered the army, and after his father’s death 
in 1803, the estate of Kimmerghame having been sold by his 
father shortly before, purchased the estate of Broadmeadows in 
Berwickshire. This he sold in 1825, and thereafter resided with 
his family in Edinburgh in a house No. 16 Inverleith Place, which | 
he had built for himself. He had two sons, of whom the subject of 
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the present memoir was the elder, and several daughters. I remem- 
ber, as a schoolboy of nine or ten years of age, seeing his mother, 
Mrs Swinton, in my father’s house in Northumberland Street, in 
Edinburgh, and being singularly impressed with her sweetness and 
charm of manner. She was a grand-daughter of Mure of Caldwell, 
and thus the two families, the Mures and the Swintons, were closely 
connected. Mrs Swinton had come to spend the evening with my 
mother, and the tidings of her death a few days thereafter gave my 
susceptibilities a shock which I long remembered. 

_ Archibald Swinton, afterwards Archibald Campbell Swinton, the 
eldest son, was born on 15th July 1812, and at the age of eight was 
sent to a preparatory school in Yorkshire, near Doncaster, of which 
the headmaster was a Dr Sharp, a scholar of some eminence. He 
was vicar of Doncaster, and the school over which he presided had 
high reputation. Along with other pupils were the present Lord 
Grimthorpe and his two brothers, Christopher and William Beckett 
Denison. Among the papers at Kimmerghame is a letter, dated 
15th January 1827, from Dr Sharp to John Swinton. He’ writes as 
follows 


‘No pupils I ever had gave me more cordial satisfaction during the time — 


they were under my care than your sons, and it delighted me extremely to 

receive so favourable an account of their present prospects. So far as assiduity 
and applied industry can prevail, James, I know, will never be found deficient; 
but Archie, if in abilities and quickness of apprehension so much his superior, 
requires a little more management to bring into full employment those excel- 
lent powers of memory and understanding with which fate has endowed him— 
aut Cesar aut nullus used to be his maxim here; and of this I feel sure, that 
ne boy of his own age can cope with him if Archie be not wanting to aD 
self.” 


Swinton remembered with gratitude and affection his life at 


Doncaster; and he was wont to describe the appearance of the 


Archbishop of York on his way to Doncaster races, which it 
seems the archbishops were formerly sometimes in the habit of 


frequenting. He afterwards went for a short time to reside with a — 


gentleman near Hitchin, but he does not appear to have remained 
long there. The well- known school called the Edinburgh Academy 
was opened in 1824, and Swinton was sent to it in, I think, 1825. 


He ever afterwards took the warmest interest in its welfare, and | 


was one of the Directors down to the day of his death. From 
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school he went to the University of Edinburgh, and in the 
Humanity Class of Professor Pillans my acquaintance, or rather 
friendship, with him commenced, and it continued unbroken down 
to the end. A very bright, attractive,.and able band they were, that 
contribution from the new school. Some made their mark in the 
world thereafter. The most prominent of them were, in addition to 
Swinton himself, William Aytoun, the author of the Lays of the 
Cavaliers, and afterwards Professor of Rhetoric in the University of 
Edinburgh ; George Makgill of Kemback; John Balfour Melville of 
Mount Melville; and John Thomson Gordon, who was afterwards ~ 
Sheriff of Edinburgh. Archibald Campbell Tait, a cousin of 
-Swinton’s, and the future Archbishop of Canterbury, was his class- 
fellow at the Edinburgh Academy, but went to Glasgow University, 
though he afterwards rejoined the circle in the summer in the ranks 
of the debating club entitled the Classical Society. Among other 
comrades was numbered a man of some subsequent reputation, and 
quite as good company as any of them—Samuel Warren, the author 
of Ten Thousand a Year. He remained for two years among us, 
and then disappeared, but had not been long gone, when the 
“Diary of a Late Physician” burst upon us. I do not know whether 
admiration or exasperation at our companion’s sudden fame was 
the prevalent feeling; we were indeed raised in our own esteem 
to have lived so near the rose, but exasperated also by not having _ 
found him out. But he was a man worth knowing, and we met 
elsewhere afterwards. | | 
The Classical Society was founded by a knot of students in the 
Latin Class in Edinburgh about the year 1827. Swinton, I think, 
joined it during its second year. They were an unassuming but — 
resolute band of students, who cultivated oratory under some dis- 
advantage in a dingy classroom of the old High School, by the 
light of a single tallow candle. It had been originally intended by — 
the founders that the debates should be in Latin, but, after two or 
three attempts the efforts were too spasmodic to witness, and the 
vernacular was resumed. At the risk of some anticipation I must 
quote some lines from Swinton’s pen on the origin of this primitive 
parliament, partly because they show the historian at his best, and 
| partly from their thorough fidelity. I am indebted to the family 
for the manuscript book which contains among others the perform- 
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ance from which I am about to quote. Thus ti sth the classic bard 
of our first beginnings in the Classical :— 


‘**T were vain to take the task from history’s page, 

_ And tell our progress on from youth to age; ~ 
But oft by future poets shall be sung 
The time when e’en the Classical was young ; 
When closely ranged on dusky benches sate 
The beardless arbiters of Britain’s fate, 
And, as to mock the dying light of day, 
One tallow candle shed a flickering ray 

_ From off the desk whence not an hour before — 
Carson had poured the tide of classic lore. 
That tallow candle was an emblem fit 
those who used beneath its glow to sit, — 

Poor, slow, uncertain, solitary, dim, 
As were the nascent energies of him 
Who, all untaught to plead a party’s cause, ; 
Glanced at the Chair, and thought he saw the tawse ; 
Then trembling rose, and from his lips just sent 
The old exordium, ‘ Mr President’— 
Looked at his notes, cough’d, hemmed with thoughtful frown, 
Looked at his notes again,—and then sat down !” 


These lines are contained in an address written for a supper of 
the Classical Society several years afterwards. The volume from 
which I quote contains many similar performances. These were 
the days of the first Reform Bill. Swinton was always a Tory of | 
the bluest dye; but he was the most liberal Tory I ever knew. He 
has some lines of kindly greeting to his classical opponents among 
the passages to which I have referred, and some very kindly lines 
_ addressed to myself. He hated ‘the bill, the whole bill, and— 
nothing but the bill,” which was the Liberal cry in 1831, and he 
pleads that very laudable feeling in a letter which [ had from him 
at the time, in which he justified himself for having blown to atoms © 
the only woodcock which he had seen in a day’s grouse shooting. 
He said he had the bill and the whole bill, but then he had poining 
but the bill, the merit of which he did not see. 
There are in this volume some very spirited lines in allusion to 
the French Revolution and the “tricolor,” the last stanza of which 
is the following :— | 


“ For the red is the rebel’s appropriate bine, 
_ The blue, livid envy’s foul stain, 
And the white is pale terror that trembles to do 
The deeds the base heart can contain; 
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But the red rose of England, and Scotland’s brown heath, 
Twined with Ireland’s green shamrock we see ; 

Then let ’s bind them closer with loyalties free, 

That ’s the tricolour, Britain, for thee.” 


This was published in Blackwood’s Magazine, and it is a very fair, 


specimen of his power of versification. 


Swinton’s career at the University was one of success. In | 


Professor Pillans’ class the most distinguished part which he 
played was in some translations from Martial, for which he gained 
a prize. They were considered to show very great ability, and the 
family were kind enough to send me a copy of this exercise hand- 
somely bound, which contains prefixed to it an autograph letter 
from Sir Walter Scott in the following terms :— 


DEAR SiR,— 


| **On my return from the ates I found a prize exercise of 

translations from Martial from Mr Archibald, which I consider is my young 
friend whose progress I admired so much while under Mr Williams. I 
heartily give you joy of his proficiency, which I think displays command of 
both languages, and a fine taste besides. I hope, my dear friend, that the 
young gentleman will be a blessing to you and all his kin, which will ever 
give satisfaction to yours, and sincer ely, 


WALTER Scott.” 


These translations are full of spirit, and exhibit much power of 
language and command over metrical composition. There are a few 
other versions contributed by Professor Aytoun, but on the whole 
the exercise speaks of proficiency in the elegancies of the Latin 
language, as well as in those of English verse. This was in the 
year 1829; he gained the medal in Professor Wilson’s class in moral 


philosophy in 1831. The year 1830 he seems to have spent in > 


attendance at Glasgow University, and there he distinguished 


himself not only in the classes, but in a debating club called the — 


Atheneum; and at the close of that session a “ College Album” was 
published, the contributors to which were students of the year, and 
among the rest were Archibald Campbell Tait, afterwards Archbishop 
of Canterbury ; Mr Page Selfe, who became Police Magistrate in 
London; Swinton himself; and William Edmonston Aytoun, whom I 


have already mentioned. This little volume also is dedicated to 


Sir Walter Scott, and the copy before me contains an autograph 


> 
Ae, 


Obituary Notices. vil 


letter from Sir Walter addressed to Mr Campbell Swinton. He 
ends by saying :— Sie 

‘* We are going to Abbotsford, and from thence to London, so can hardly 
hope to see you before summer, but will be then delighted to see you in the 


country. Believe me, with respectful thanks to you and your enterprising 
friends, very much your faithful and affectionate cousin, 


‘WaLTER Scott.” 


I have already mentioned the late Archbishop Tait, who studied 


at Glasgow and Oxford. He never attended the University of Edin- 


burgh, although he became a member of the-Classical Society. It 
had a summer session, and during that period Tait attended the 
meetings, and took an active part in its proceedings. | | 

- In 1831 Swinton became a member of the Speculative Society. 
His name appears in the volume entitled The History of the 
Speculative Society, on page 321; and it appears that the essays 
which he contributed during the session were on “ Municipal Law 
and Moral Science,” on the “State of European Politics at the 
Peace of Paris,” on the “Causes which led to Buonaparte being 
declared Emperor of the French,” and on the ‘‘ Rise of the Middle 


Orders in England.” In the course of his attendance at the Specu- 


lative he had occasion, of which he availed himself, to become well- 


informed as to current as well as past historical and political ques- 


tions. His companions there were, among others, the late Edward . 


| Horsman, M.P. for Stroud; David Mure, afterwards Lord Mure; 


James Craufurd, afterwards Lord Ardmillan; John Thomson Gordon, 
who became Sheriff of Edinburgh, a man of brilliant ability ; and 
George Makgill of Kemback, whom I have already mentioned. — 
The latter died early, but was one of the most accomplished of 


the circle. 


At the Speculative, Swinton distinguished himself in a remarkable 
degree, and became a very finished speaker. His style ot speaking 
was eminently calculated to be effective in a popular assembly, such 
as the House of Commons. His flow of well-chosen language was — 
something phenomenal. The difficulties which beset most public 


speakers, and which many of them never overcome, of hesitancy, 


and want of readiness of expression and of choice of words, he 
never experienced. The only criticism which could be made upon 
his style was, that it was sometimes only too fluent—too unbroken ; 
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but my own opinion is, that one session in the House of Commons 
would have placed him in the front rank both of debaters and of 


orators in that august and fastidious assembly. Any redundancy 
and copiousness of expression would have been checked and chastened 


by the controversial and critical nature of the assembly itself, and 
his large and extensive knowledge of affairs and fund of cultivated 
intelligence would, I am satisfied, have raised him to great distitic- 
tion. He joined the bar of Scotland as an advocate in 1833. 

I should before have mentioned that for several years he had 


been in the habit, during the recess, of travelling, at first with a tutor 


through the Highlands, and in 1828 and 1829 he took tours on 
the Continent, visiting various places now familiar to tourists, but 
which at that time were not so easily accessible as they have since 


become. He went one year to France, another to Switzerland, © 


and another to Italy, and in many instances revisited the same 


scenes. In 1828 he had the great advantage of travelling under 


the superintendence of the late Bishop Terrot, himself an accom- 
plished scholar and a man of high intellectual attainments and 


thought. Professor Aytoun was, in the earlier of these tours, his — 
travelling companion. Swinton continued these Continental wander- 
ings in many after years, and recounted his progress in journals 


written at the time. 

I may mention in passing that Swinton’s time was not altogether 
consumed either in the study of law or in politics. He was a principal 
promoter of a Charade Company, composed of his own companions 
and intimates, who played with great acceptance and success in 


various Edinburgh circles. - Of these the late Cosmo Innes was the 


principal manager, and Lord Neaves and Angus Fletcher of Dunans 
and Henry Jardine, son of Sir Henry Jardine, as well as Aytoun 
and Swinton, were principal performers, I find that in the diary 


which he kept some of these performances are noted from time to — 


time—one in particular, I remember, which was acted at his father’s 
house in Inverleith Place—a dramatised version of Nicholas 
Nickleby, in which William Aytoun sustained the part, first, of 
“ Squeers,” which he rendered admirably, and, secondly, of the 
‘Infant Phenomenon,” in which his attire created an intense 
sensation among the ladies of the audience. 


From 1833 down to 1862 Swinton devoted himself with great 
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energy and fair success to his profession. He used to go to the 


circuit at Glasgow, and was engaged in several criminal trials of 
importance ; and before he had been two years at the Bar he rendered 


a great service to the profession in initiating a system of Reports of _ 


Criminal Trials. This department of law reporting had fallen into 
decay, and, in fact, had not been systematically pursued for many 
years before. These reports continued under his superintendence 
for several years, and those which are published periodically now 
are substantially a continuation of the original work. I look upon 


this achievement as a very great boon to the science of criminal law ; 


and if he had done nothing else in his career, Swinton would have 


deserved to be honoured and remembered in the profession. He 


continued to conduct these reports down to the end of 1841. He 
also edited and published separate reports of two celebrated criminal 


trials before the High Court of Justiciary—that of the Cotton- 


spinners in 1839, who were tried for conspiracy, and of the Claimant 
of the Stirling peerage, in 1839. | 
- He had many qualifications for his profession, even apart from 


his great power of eloquence and reasoning. He had great 
assiduity, was rapid in his conceptions, had a clear brain, and 
a lucid power of expression, and, in short, had the prospect, at 
this time, of rising to distinction as a pleader. Fate, however, 


I do not say maliciously, but unfortunately for his opportunities 
of practice, interposed two obstacles. The first was that in 1842, 


on a vacancy occurring in the Civil Law professorship in the 


University, he was induced to offer himself as a candidate, and 


was successful. From 1842 to 1862 he held that important office, 


coming to it at a very early age. I believe that a more efficient 
professor never sat in a legal Chair; and the many brilliant pupils 
who came from his class to practise at the Bar, remembered with 
uniform satisfaction the clear, lucid, powerful expositions which 


they heard from him in his lectures. It is not easy to be an effective 


professor of law. The subject is one so entirely different from any- 
thing to which the audience have been accustomed in their previous 
studies, that a professor must sympathise very thoroughly with the 


prevalent cast of thought on the part of the students, before he can 


command their attention on such a theme. In this Mr Campbell 


- Swinton was more successful than most; but, then, professorships 
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. and practice seldom have walked hand in hand. For Themis resents 
the divided allegiance. She is an inexorable mistress; and unless 
her votary feels that she is all in all to him, rarely bestows her 
favours. In other and plainer words, a man seldom succeeds in 
rising to important practice at the Bar if he has anything else to do. | 
A second obstacle—not one to be regretted certainly, but still 
tending in the same direction—interposed itself before long. The 
estate of Kimmerghame, of which I have already spoken, came into 
market in 1846, and was purchased by his aunt, Miss Campbell of 
Blythswood, who, I thin, was a sister of his grandmother. - Miss 
Campbell had indicated her intention to Campbell Swinton’s father, 
Mr John Swinton, of settling this old family property upon himself 
and his son. She died in 1850, and Mr John Swinton consequently — 
succeeded to the estate. This, as I have said, formed another 
- obstacle, or distraction at any rate, in the progress of his legal prac- 
— tice, for a man cannot be both a country gentleman and a lawyer in 
large practice—at least if he resides on his property and does his 
duty to his people. There are exceptions, of course, to this, but 
there is no doubt that an independent income from landed estate is 
not in favour of an advocate obtaining a large share of practice at 
the Bar. ate 
From 1850 to 1860 this estate of Kimmerghame occupied a good 
deal of such opportunities as he had of leaving Edinburgh. Being 
now independent, or with the prospect of independence in his — 
circumstances, he began to think of entering Parliament, and in 
1852 he contested. the Haddington burghs against Sir Henry 
Ferguson Davie, but without success. In the meantime a new 
house had been planned and was in course of erection on the estate 
of Kimmerghame, and this was a subject of great interest, and 
occupied a considerable portion of his attention. I find that in his 
diary he notes in 1856 that he has spent a great deal of time at _ 
Kinmerghame in the course of that year. It was unfortunate for 
Swinton himself, and for his reputation as an orator and a politician, — 
- that the Conservative party were at that time little in favour in the 
Scottish constituencies. For my own part, I have always regretted 
exceedingly that the House of Commons had not had the benefit of 
so energetic, so thoroughly equipped, and so able a member, because 
he added to very large acquirements in point of literature a thorough 
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knowledge of legal principle, and a thorough acquaintance with the 
wants of the rural population. When the Government of Lord 


Palmerston was turned out in 1858, I find a memorandum in his 


diary to the effect that he had been employed to go to London to 
help Charles Baillie in carrying a Reform Bill. Charles Baillie was 
the Lord Advocate under Lord Derby’s Government of that year, 
and Swinton makes a notandum in his diary with the melancholy 
remark that this was rather against his conscience. However, the 


Government were defeated, and Lord _Palmerston’s Cabinet of 1860 — 


lasted for many years. — 

Notwithstanding his early inroads into periodical literature, I 
have not been able to trace Mr Swinton’s pen in later life in the 
current publications of the day, excepting in one instance. By the 
courtesy of Messrs Blackwood I have been furnished with a copy of 
the number of their Magazine in which the only article contributed 
by Swinton appears. It is dated February 1837, and is entitled 
“ A Word in Season to Scottish Conservatives.” It is a good, 
hearty all-round challenge of all Whig doings and of all their ways. 
_ It is not sparing of large words and strong opinions. It says, ‘The 
Whigs were not four years in office without affording proof enough 
that if grasping nepotism, open violation of the most solemn pledges, 


and selfish clinging to place at whatever sacrifice, are the character-_ 
istics of any political party, they are not exclusively at least the 


qualities of the Conservatives.” But the perfervid strain of this 
performance, which is sustained and vigorous throughout, had, like 
most things a possible history. Sir Robert Peel had been elected 


Lord Rector of ‘Glasgow University in January 1837. He was 
entertained to dinner by the citizens of Glasgow, and delivered a 


great oration on the 12th of January. He was the guest of Blyths- 
wood during his stay at Glasgow, and rumour had it that Swinton 


was during that period at the service of the great statesman as 


temporary private ‘secretary. From his family connection with 
Blythswood I think the legend is probable, and the intense ardour 
of the Blackwood article to a certain extent corroborates this view. 
But certainly I never heard him speak on the subject, although we 
were much together at that time, and probably if the rumour was 
true, the relations which he held to the great statesman were too 
confidential to be made the subject of gossip. 
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In nearing the end of his academic career I may mention one 
duty for which Swinton was almost uniformly selected by the 
Senatus Academicus, that of presenting the candidates for gradua- 
tion. This was a task difficult and indeed irksome to most, for to 
speak of a number of men in succession without tautology and 
without confusion is not given to all. .But Swinton’s ready inspira- 
tion was always equal to the task. During his time Mr Gladstone 
was elected Lord Rector, and Lord Brougham Chancellor of Edin- 
burgh University in 1860, and he took part as usual in their instal- 
— lation. But the happy turns of expression, and the genial spirit in 
which he uniformly performed this task, whether the candidate 
agreed or did not agree with his opinions, were the theme of uni- 
versal admiration, and I never knew him fail. | | 

1862 was the last year in which he retained his position as pro- 
fessor. The estate of Kimmerghame, with the new house, made 
demands upon his time and presence which he found incompatible 
with continuing his exertions in his class, and consequently thus 
ended his career at the Bar. For the rest he was simply an intelli- 
gent, cultivated, and hardworking country gentleman. But before 
his departure he had the satisfaction of having a tribute paid to him 
by which he was not unnaturally greatly gratified, and which of its 
_kind was, if not unprecedented, at least unusual. In view of his 
approaching resignation of his Chair and departure from his resi- 
dence in Edinburgh, a number of his friends invited him to a 
—semi-public dinner. Sir William Stirling-Maxwell of Keir pre- 
sided, and Sir William Gibson-Craig was the croupier. There were 
present men of all opinions and of all political proclivities: several 
judges—including the Lord Justice-General and the Lord Justice- 
Clerk, Lords Curriehill, Ardmillan, Neaves, Jerviswoode, and Ormi- 
dale; Sir Hugh Campbell, Sir David Dundas, Sir John Marjori- _ 
_banks, Mr Campbell of Blythswood, Mr David Mure, M.P., and a ‘ 
long list in addition, I have been allowed to consult a little volume 
containing not only the announcement of the dinner and a copy of | 
the menu and of the toasts, but a variety of private letters which 
the family received on the subject afterwards, expressive of the | 
satisfaction with which the writers had regarded the proceedings of 
the evening. I shall not quote from these, but I had the pleasure 
of being present myself, and I can only say that the tribute was a 
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‘most flattering one to Swinton, and was exceedingly gratifying to 
his friends. One feature of the evening’s proceedings was a song. 
written for the occasion by Lord Neaves, of which I shall simply 


quote one stanza as expressive of its general chaiacter and bearing. 
The second stanza runs thus :— 


‘* He doffs the gown, he quits the town, 
His ancient haunts he leaves ; 
Henceforth his sphere will be to rear 
Good mutton and fat beeves, 

To sow and reap, to sell or keep 
His wheat or barley sheaves, 
While, sad and slow, his comrades go 

_ Lamenting, with Lord Neaves, 

_ That he’s a country gentleman 
All of the present time.” 


And so from 1862 to 1890 he remained in great reputation and 
honour, a country gentleman living on his own property and among 
his own people, consulted by all and sundry, gentle and simple, 
whom his versatility and kindliness attracted, and seldom or never 
in vain. His father died in the year 1867, but of course the great 
proportion of the labour which the estate implied had before fallen 
upon the shoulders of Swinton. In his capacity of a country 
squire he filled almost every pcsition in local management which 
was open to him. His knowledge, quickness of apprehension, and 
urbanity of manner caused him to be consulted from all quarters 
upon all manner of subjects. As I have already said, he combined 

knowledge of country affairs with an amount of legal lore very 
- seldom combined with rustic pursuits. It would be impossible for 
me to enumerate in detail the amount of willing work which he 
performed in that capacity. He continued to be a member of the 
General Assembly, was much in the confidence of the clergy, and 
devoted a considerable portion of his time to the discharge of these 
duties. He was a member of the School Boards when they were 
first introduced, and indeed few of the parochial or county institu- 
tions were without his assistance. He continued, as he had done 
during the greater part of his life, to act as a Director of the Edin- 
burgh Academy, his zeal for, and devotion to which had suffered 
no diminution. 

I have been furnished with memoranda from his mre which 
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he kept with sonatderable regularity down to the last years of his 
life, but there are no salient features of which I could take advantage 
in such a notice as this. One only I would mention, and that is the 
marvellous sweetness, kindliness, and generosity of the whole of 
these private notanda, as well as the reverential tone of his thoughts. 


Keen as he could be, and ardent in the pursuit of any principle to 


which he was attached—a man who never feared to speak his mind, 
and generelly had a very decided mind to speak—there is not a 
tinge of acerbity to be found in him; nothing but good fellowship 
and just appreciation, even of his opponents. I have been very 
much touched by that feature in his diary. Even when politics ran 
highest, there was not a drop of personal bitterness. The subjoined 
list, with which I have been favoured, shows te extent of his public | 
_avocations 


OFFICES IN CONNECTION WITH CouNTY BusINEss. 


A Commissioner of Supply in 1849—for the earliest entry in the Minute- 
. Books of the County of his being present at a meeting of Commissioners 

of Supply is at the meeting held in October 1850. 

Justice of the Peace, probably the same year, gd no record cxiste of such 
appointment. 

Chairman of Committee appointed to carry out Commissioners of Supply Act, 
1857. 

Chairman of Lands Valuation Committee, 1854. 

Chairman of Standing Committee of Middle District of Sediaten Roads in 
Berwickshire, 1862, on resignation of his father, John Swinton. Con- 
tinued in this office until adoption of Roads and Bridges Act. | 

First Chairman of Middle District Road Trustees under Roads and — Act, 
1882. 

Chairman of Police Committee of the County i in 1871. . 

_ Deputy-Lieutenant, 1874 (Duke of Roxburghe, Lord Liewtenant). 

Chairman of Local Authority under the Contagious Diseases (Animals) Act, 

1879. 

- Member of Prison Board. 

Member of Income-Tax Commissioners. 7 
These bodies have no stated Chairman, but, when present, Mr Swinton 

was usually appointed Chairman. 

(Mr Deas, writer, Duns, and at one time Clerk of the Peace, in sending 
list of above offices, remarks:—‘‘ He continued to attend nearly every 
meeting of all these bodies from the commencement until his retirement 
in 1883 and 1884.’’) - 

For many years Vice-Chairman, and afterwards Chases. of the Parochial 
(Edrom) Board, and Chairman of the School Board of Edrom. 

For thirty-five years Representative Elder to the General Assembly from the 
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Presbytery of Duns; resigned on account of health in 1884, having been 
unable to attend the Assembly during session of 1883. 

Border Counties Association. —Was one of the original members; elected a 
Vice-President when Association formed in 1865; elected President in 
1872 on retirement of Lord Jerviswoode ; resigned this office on account 
of health in 1884, and was then appointed one of the Patrons. 

Berwickshire Naturalists’ Club.—Became a member in 1861; elected President 
for the year in 1876. | 

Ellem Fishing Club.—Admitted member in 1838; Preses in the years 1858, 
1859, and 1860. 

Member of the Board of Manufactures, Scotland, for nearly twenty years, 
resigning January 1888. 

Director, Bank of Scotland, 1864-1888. 

Connection with University Court, Edinburgh (see Minute, November 21, 1887). 
Professor of Civil Law, 1842-1862; and since then as Assessor to two 
successive Rectors for six years, as Chancellor’s Assessor for five years, and 
as a Member of the Court of Curators for six years. 

‘* Long and intimate relation” with the Highland and Agricultural Society of 
Scotland, Convener of Committee of District Shows, Director, Member of 
Council on Agricultural Education, and also of Veterinary seal other 

-Committees. | 


It would seem from his journals of his travels abroad that for 


some of his earlier years he was not in strong health; but still he 


must have had a vigorous constitution, for he died in his 78th 
year. Down to 1883, when he had passed the age of 70, apparently 
his activity and strength had known no diminution. In that year 
he had a sudden seizure, which next morning medical men pro- 
nounced to be of a paralytic nature. It was not severe. . I saw him 
the year after, and found him in very good spirits, and regaining 
his power of locomotion. He continued to improve till 1886, when 
unfortunately he met with a severe carriage accident, in which his 
coachman was killed, and he himself so injured that he never 
recovered his power of locomotion. He remained, however, fully 
alive to all that was going on round him, taking great interest both 
in the past and in the present. The end came unexpectedly, a and he 
died on the 27th of November of last year. 

So ends my tale. It has been a mournful, but to me a very 


pleasant task, to recall the life of one with whom I was so intimate, 


and with whom, although we differed on almost all public questions, 
I retained the most friendly, amicable, and confidential relations to 
the end. He was a friend worth cultivating, for he took an interest 
in everything that was intelligent and refined ; a master himself of 
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most intellectual pursuits, he had less of pedantry than any man I 
ever knew. Always ready to rejoice with those that rejoiced, and 
to laugh with those that laughed. 

I feel very grateful to the Society for allowing me this oppor- 
tunity of relieving the overflow of my very sincere affection, regard, 


One word of postscript in regard to his domestic relations, He 


married, in 1845, Katherine Margaret, third daughter of Sir John 
Pringle of Stitchill, Bart. She died in 1846, leaving a daughter, 


Katherine Margaret. In 1856 he married, secondly, Georgina — 


Caroline, third daughter of the late Sir George Sitwell of Renishaw, 
Bart. Her mother was a sister of the late Archbishop Tait. By 
the last marriage were born three sons and a daughter, all of whom, 
with their mother and the daughter of the first marriage, survive. 
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James Leslie, Civil Engineer. 
(Read January 19, 1891. ) , 


Mr ladle was born at Largo, Fifeshire, in. 1801, and was the 
son of Alexander Leslie, Architect and Builder there. 

After receiving part of his education at the Parish Schools of | 
Largo and Newburn, and afterwards at Mackay’s Academy, Edin- 
burgh, he attended the Edinburgh University for three years, his 
uncle, afterwards Sir John Leslie, being then Professor of Mathe- | 
matics there. In 1818 he was apprenticed to Mr W. H. Playfair, 
_ the well-known. architect, who was at that time engaged in the 
erection of the Edinburgh University buildings, and remained with 
‘him till 1824. Although Mr Leslie did not follow up the pro-— 
fession of an architect, his early training in this line enabled him ~ 
_ from time to time to furnish with acceptance designs for public | 
buildings, the most important of which are the —— House at 
Dundee and Wood’s Hospital at Largo. ! 
_. Mr Leslie early turned his attention to engineering, and in 1824 

he was taken into the office of Messrs G. & J. Rennie, Civil | 

Engineers, London, with whom he remained about four years. 
‘During that time he was engaged at the building of London Bridge 
and also the bridge over the Serpentine.in Hyde Park, and also with 
works in connection with Sheerness Docks, Plymouth Breakwater, 
the West India Docks, and other extensive and important works. 
In 1828 Mr Leslie was appointed by the Leith Dock and 
Harbour Commissioners Clerk of Works to carry out, under the 
direction of Mr Chapman, C.E., N ewcastle, the extension of the 
East Pier of Leith, and he was subsequently employed by the Navy 
Board to superintend the construction of the West Breakwater hoxcie 
also designed by Mr Chapman. 

In 1832 he was appointed Resident Sia for the Dundee 
Harbour Works, and almost simultaneously he was elected to a 
similar post at Sunderland, which of course he could not accept. He 
remained at Dundee till 1846, and while there, along with many . 
other important works, he carried out the construction of the Earl 


Grey’s Dock from the —— of Mr John Gibb of Aberdeen. 
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While at Dundee Mr Leslie carried out a further extension of the 
East Pier of Leith, and designed and executed the Wet Dock at 
- Montrose and Harbour Works at Arbroath, Kirkcaldy, and various 
other places. He also constructed locks for the Monkland Canal, 
Glasgow, and built a handsome bridge across the River Leven 
in Fife. 

In conj ianetion with Mr J ardine, the engineer. of the Edinburgh 
Water Works, he in 1836 prepared the first water scheme for 
supplying Dundee from the Monikie District. | 

‘In 1846 Mr Leslie removed to Edinburgh, and shortly after that 

he succeeded Mr Jardine as engineer to the Edinburgh Water 
Company. In 1849-50 he designed and carried out a plan for | 
taking empty boats afloat up an inclined plane at Blackhill, for 
the Monkland Canal, Glasgow, thereby saving both time, labour, 
and much water, as compared with the usual method of lockage. _ 
In 1852 Mr Leslie, in connection with Mr J. M. Rendel and Mr 
Mackain, was engineer for a scheme for supplying Glasgow with 
water from Loch Lubnaig, for the Glasgow Water Company. This 
scheme, however, did not pass, having been keenly opposed by the 
Corporation of Glasgow, who shortly after that took over ‘the 
control of the Water Works from the Company. 
_ The first of the more important works carried out by Mr Leslie, 
after his appointment as engineer to the Edinburgh Water Com- 
pany, was the construction of the Torduff, Clubbiedean, Bonally, 
and Loganlea Reservoirs, and the ne of the embankment 
of the Glencorse Reservoir. 

In 1856, under Mr Leslie’s care, the Bill for ween the 
Colzium Springs was carried through Parliament, and under its 
provisions the Harperrig Reservoir, for providing compensation to 
the Water of Leith, was constructed; and in 1863 a further supply 
was introduced under his | ee from the Crosswood 
Springs. | 

In 1870, when the Corporation of Edinburgh took over the 
business of the Water Company, the newly-constituted Water 
Trust elected Mr Leslie consulting engineer, and at the same time 
appointed Mr J. W. Stewart resident engineer. Mr Leslie was 
instructed to report on all the available sources of additional supply 
for the city, which had already been reported on by Mr Stewart, 
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and the Trustees having received this report, again adopted the St 
-Mary’s Loch Scheme, which had previously been thrown out on 
Standing Orders in 1869, and again instructed Mr Stewart to pre- 
pare the necessary plans for Parliament. Differing from Mr Stewart 
as to the probable cost, Mr Leslie refused to allow his name to 
- appear as engineer of the scheme; and after having been keenly 
fought in both Houses of Parliament, the St Mary’s Loch Scheme 
was rejected by the Committee of the House of Lords. 
_ After the next municipal elections, Mr Leslie was appointed sole 
engineer of the Water Trust, and in 1873 he, along with Mr Thomas 
Hawksley, C.E., London, was instructed to report as to the best 
means of obtaining additional supplies for Edinburgh. They issued 
a joint report, recommending that the necessary additional supplies 
for the city should be obtained from the Moorfoot Hills, and this 
scheme having been approved of by a plebiscitum of the citizens, 
the Bill was passed by Parliament during the following year, and 
under it an additional supply of over atgnt million gallons per day 
was obtained. | 

Mr Leslie was also engineer of the Lintrathen Water Scheme, by 
which Dundee obtained an additional supply of eight million 
gallons per day. He was connected with the improvement works 
of most of the towns of Scotland, and acted in conjunction with — 
his partners as engineer for the Water Supply of Paisley, Berwick- 
on-Tweed, Dunbar, Peterhead, Galashiels, and many other import- 
ant places. He was also engineer for various harbour works, in- 
cluding those of Easdale, Stranraer, and West Wemyss. — 

Mr Leslie had a reputation as an engineer which was not con- 
fined to this country, his advice having been sought in regard to 
extensive reclamation works at Bilbao, in Spain, and also as to the 
construction of floating docks at Cadiz. He was also consulted by 
the Indian Government as to the improvement of the navigation of 
the River Godavery by means of inclined planes, on the principle 
formerly adopted by him on the Monkland Canal. 

In 1862 Mr Leslie was appointed by the Home Office, along with 
Messrs W. Ffennell and Frederick Eden, a Scottish Salmon Fishery 
Commissioner, an office which he held until the institution of the 
present Scottish Fishery Board in 1882. The duties of the Commis- 
sioners were to fix the boundaries of the districts of every salmon river 
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‘in Scotland, the divisions between the upper and lower proprieturs, 
and the limits of the various estuaries, and also to frame bye-laws 
for the regulation of the fisheries. Much of this work was not only 
difficult, but involved no small amount of fatigue, and even. hard- 
ship, the greater part of it having to be executed in winter, and in 
great haste, and often in very inaccessible districts, and without the 
assistance of reliable maps. Mr Leslie’s sound knowledge on all 
engineering matters, and his acknowledged integrity, led to his 
being frequently employed as an arbitrator in important cases of 
dispute, both in Scotiand and elsewhere. 
- About the time of the ‘‘ Railway Mania” Mr Leslie was a good 
deal engaged in i 1is line of business, and although he was engineer 
for several projected schemes, he never followed it up, but preferred 
to remain associated with water and harbour works. 
ae Leslie was aman of very vigorous constitution, and until he — 
had the misfortune to break his leg by a carriage accident, which 
occurred about ten years before his death, he was capable of endur- 
ing great fatigue. He ‘continued engineer to the Edinburgh Water 
Trust until his death, he having in 1870 associated with himself ‘in 
_ partnership his son, Alexander Leslie, and shortly afterwards his 
son-in-law, Mr R. C. Reid. ge 

Mr Leslie was connected with the Institution of Civil Engineers, 
London, for more than half a century, having been. admitted as a 
member in 1833. He was elected a fellow of this Society i in 1858, 
and he also belonged to various other learned societies in Edin- 
burgh and elsewhere, including the Meteorological Society of Scot- 
land, in which he continued to the last to take a deep interest. | 
A man of generous disposition, Mr Leslie was a liberal subscriber 

to every public purpose that approved itself to him, and he gave 

largely to charitable institutions and also to private wants, 

In spite of his serious accident, he continued daily to take 
exercise, though with much difficulty. He was, however, entirely 
confined to bed for the last six months of his life, and endured no | 
small amount of suffering, which he bore with patience and even 
cheerfulness, He died on the 29th of December 1889, in the bina | 
year of his age. | 
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Professor Cosmo Innes Burton. 


By William Marshall, Esq. 
(Read July 20, 1891.) 


By the death of Cosmo Innes Burton the Society has lost one of 
the most promising of its younger Fellows. His loss is keenly 
felt, not only among his large circle of friends, but by many who, 
. though they did not know him personally, had come under his 
influence as a teacher, and had learned his worth. The following 
short sketch of his life will show better than anything else the ~ 
untiring energy, perseverance, and devotion to science by which he 
was characterised :— | | 
Mr Burton was born in 1862, and was the younger son of John 
Hill Burton, the well-known historian, from whom he inherited 
much of his originality of thought and dry humour. He began the 
study of science in 1879, attending the classes necessary for the 
Science Degree in the University of Edinburgh, where ‘he graduated — 
as Bachelor of Science in 1884, During his University course he 
distinguished himself by winning the Neil-Arnott Prize in Physics 
in 1881, and the Hope Prize in Chemistry in 1885. The winter of 
1882-83 was spent in Munich, where he studied under Professor 
Eslenmeyer. From Munich he went to Paris, where for nine 
months he worked in the laboratories of Professor Wurtz. While 
there he assisted the late Professor Henninger in his researches on 
Erythrite, and Professor Hanriot in his investigations on Strychnine 
and the Compounds of Glycerine. © 

In 1885 Mr Burton received the appointment of Assistant to. 
Professor Japp, F.R.S., at the Normal School of Science, London, 
~ with whom he published jointly several papers, which appeared i in 
the Proceedings of the Chemical Society. 

About this time the Town Council of Edinburgh was’ witiae an 
inquiry into the state of ventilation in the Board Schools and Public 
Buildings in the city, and Mr Burton was asked to undertake the 
analysis of the air in connection with this investigation. The 
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results of his extensive and elaborate series of observations are 
published in the Minutes of the Town Council for 1888. 

During the winters of 1888-89 he acted as Class Assistant to 
Professor Purdie of the University of St Andrews, and at the same 
time made some experiments on the presence of iodine in sea- 
water. 

The University Extension Scheme found in Mr Burton one of its 
most ardent and hard-working supporters ; and the numerous courses 

of lectures he gave in various places were sufficient proof that his 
- support was of a most practical nature. It was while engaged in 
this work that he received the appointment of Professor of Chemistry 
in the Technical School of Shanghai—a post which was quite after 
his own mind. There he felt he would be untrammelled by tradi- 
tions or examination regulations, and could test in practice his 
ideas and theories regarding the teaching of science. Full of hope 
and enthusiasm, he went out with his young wife in the early 
summer of last year, only to be struck down by a short and fatal 

illness three months after his arrival, and just as he was about to 
start his work, and everything seemed to point to a bright and 
‘prosperous future. He died of malignant smallpox on the 31st of 
October 1890. 

Mr Burton’s tendencies had always been in a scientific direction, 
‘but he had no great liking for conventional methods and programmes 
in the teaching of science. He had a rooted dislike to empiricism, — 
preferring to generalise rather than to particularise, which tendency 
was clearly observable in his work. His style of expression was 
terse and clear, and this, along with his skill in experiment, made 
him an attractive lecturer. He was nothing if not practical. He 
had a strong sympathy with the working classes, and conducted © 
a most successful course of lectures to working men in Edinburgh. 
Shortly before leaving for China he was engaged, in conjunction 
with his friend Mr Marshall, in a research on the effects of com- 
pression on solids and liquids, the results of which were embodied 

in a paper recently read before the Royal Society of London. 


This brief summary may suffice to show what we have lost as a 
scientist—a man thorough in all that he did, full of ideas argued 
out on a sound basis, and, above all, devoted to his work. At the 
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very outset, a career which promised so much has been cut off. 
What we have lost as a friend not a few are but too well aware, 
and it is not so easy to tell. Little did we think when we said 
good-bye to him on his departure for China that we had bidden 


farewell for ever to one who was the best of comrades and truest of 
friends. 
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